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Note to the Reader:

The attached draft report is adraft report of the EPA Science Advisory Board (SAB)
Advisory Council on Clean Air Compliance Andlysis (Council). The draft is <till undergoing
find internd Council review Once gpproved asfind, the report will be transmitted to the EPA
Adminigrator and will become available to the interested public as afind report.

This draft will be discussed at a public teleconference on August 9, 2001, previoudy
announced in the FEDERAL REGISTER [66 FR 30912-30915: June 8, 2001]. The reader
should remember that thisis an unapproved working draft and that the document should not be
used to represent official EPA or SAB views or advice. Draft documents at this stage of the
process often undergo sgnificant revisons before the final version is gpproved and published.

The SAB is not soliciting comments on the advice contained herein. However, asa
courtesy to the EPA Program Office which is the subject of the SAB review, we have asked
them to respond to the issues listed below. Consistent with SAB policy on this métter, the SAB
isnot obligated to address any responses which it recelves. Responses are due no later than
August 6, 2001.

1 Has the Committee adequately responded to the questions posed in the Charge?
2. Are any statements or responses made in the draft unclear?
3. Arethere any technica errors?

For further information or to respond to the questions above, please contact:

Dr. AngelaNugent, Designated Federa Officer
EPA Science Advisory Board (1400A)

US Environmenta Protection Agency

1200 Pennsylvania Avenue, NW

Washington, DC 20460-0001

(202) 564-4562 Fax: (202) 501-0582
E-Mail: nugent.angdla@epa.gov
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Aninsart date

The Honorable Chrigtine Todd Whitman
Adminigtrator

U.S. Environmentd Protection Agency
1200 Pennsylvania Avenue, NW

Arid Rios Building, Mail Code 1100
Washington, D.C. 20460

Dear Governor Whitman:

The U.S. EPA Science Advisory Board's Advisory Council for Clean Air Compliance
Andysis (Council) met on July 9--10, 2001 to review the Draft Anayticad Plan for EPA's
Second Prosgpective Andysis. This activity responds to the Council's charge, as defined in
Section 812 of the 1990 Clean Air Act Amendments.

EPA'sbiennid "812 Andyses’ serve to inform environmenta decison-making by the
Adminigrator. The Council's advice recommends strategies for improving this benefit-cost
andyss. Better analyses will be more useful to the Agency asit decides whether and how to
adjust the programs that are implemented to achieve the gods of the Clean Air Act.

Past 812 Analyses have provided measures of costs and benefits overdl and benefits
disaggregated by title of the Clean Air Act.  The statutory mandate for the analysis required
retrogpective and prospective andysis. The committee believesit is appropriate to focus
activities associated with future progpective andyses in ways that will inform redigtic policy
choices. The Analyss, and the modds upon which it relies, should address proposasthat are
plausible in scope and relevant to decison makers.

The accompanying document details awide array of changes or enhancements that the
Council has recommended to the Agency. For your particular attention, the Council's main
recommendations can be didtilled into four main points:

1. The 812 andyses are unique. No other agency, to our knowledge, provides as
carefully developed nationda-scope benefit-cost analyses for the regulationsit must
promulgate. While benefit-cost anadlyses are now required for al mgjor regulations, the 812
Andyss servesto integrate dl regulaions for the criteriaar pollutants under the Clean Air Act
and takes anationa and forward-looking perspective.  The Agency has an opportunity to
assume aleadership role using the 812 process as amethodologica |aboratory for improving the
efficiency of regulations. Asaresult, thisactivity can have postive effects for other agencies.

The 812 anadyses evolve substantiadly between rounds, as new research enables
methodologica enhancements. As part of this evolutionary process, the Council proposes a
number of Sgnificant refinements. The Agency may find it cannot yet fully implement these
changes for the Second Prospective Analysis. If so, the changes should be considered for the
Third Prospective Analysis. These proposed refinements concern the trestment and/or use of:

a) benefits to ecosystem services, especialy non-market services (beyond just
commercidly exploited natural resources)
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b) the appropriate design and use of computable generd equilibrium (CGE) moddls,
C) evauating the benefits and costs of regulating hazardous air pollutants;
d) geographical disaggregeation of benefits and codts.

2. A disaggregation of both costs and benefits on atitle-by-title basis was endorsed in
previous Council discussions. Upon further deliberation, we have determined that
disaggregation by broad sectors of the economy is more gppropriate and defensble. The
leading economic mode that will likely support the 812 Andlysis has numerous sectors, but
these could be aggregated into gpproximately sx sectors that are relevant to air pollution. This
would preserve an ability to discriminate among different control technologies, yet ill dlow the
initid impacts of regulations to be propagated throughout the economy to reved the full scope of
their overdl effects. Thiswould be difficult to do title-by-title because the same control
technol ogies might be used to meet the requirements of more than onetitle.

3. The Council applauds the Agency's efforts to incorporate uncertainty anayses with
respect to both benefits and cogts, and especialy to consider distinctions between the smple
direct costs of regulaions and their full socid cods.

4. The 812 process requires balancing the advantages of existing practice with the
indghtsfrom new research. The Agency should take serioudy the need to ensure that identified
limitations of current activities feed back into basic research that can provide new materid for
the evolution of successive 812 Anadyses. Even for some of the mgor components of benefits
and codts, there are gtill substantia knowledge gaps that prevent complete characterization. Our
review identified severa areas where there are Sgnificant gaps in the current published research
avalable

Until amgjor research effort is launched to develop credible methods to quantify and
monetize the effects of margina changesin ar pollution on ecosystem processes, future 812
andyseswill continue to be plagued by an embarrassing inahility to adequately account for the
benefits of the CAAA on ecologica service flows. Such benefits probably are currently
underestimated by orders of magnitude.

In closing, the Council greatly appreciates the efforts of Agency staff supporting the 812
process to provide a succinct written explanation of its proposed andyticd plan in advance of
Council deliberations and to cooperate in providing supplementary materias requested by
individua Council members,

Sincerdy;

Dr. Trudy Cameron, Chair
Advisory Council on Clean Air Compliance Andysis
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NOTICE

This report has been written as part of the activities of the Science Advisory Board, of
which the Advisory Council on Clean Air Compliance Andyss. Both the Board and the
Council are public advisory groups providing extramura scientific information and advice to the
Adminigrator and other officids of the Environmenta Protection Agency. The Board is
structured to provide balanced, expert assessment of scientific matters related to problems facing
the Agency. Thisreport has not been reviewed for gpprovd by the Agency and, hence, the
contents of this report do not necessarily represent the views and policies of the Environmenta
Protection Agency, nor of other agenciesin the Executive Branch of the Federd government, nor
does mention of trade names or commercia products congtitute a recommendation for use.

Digtribution and Availability: This Science Advisory Board report is provided to the EPA
Adminigrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (Www.epa.gov/sab). Information on its availability is
aso provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board).
Additiond copies and further information are avalable from the SAB Steff a the following
address: US EPA Science Advisory Board (1400A), 1200 Pennsylvania Avenue, NW, US
Environmenta Protection Agency, Washington, DC 20460.
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APPENDIX A -SPONSES TO EPA’'SKEY SPECIFIC QUESTIONS NOT ADDRESSED
IN THE MAIN TEXT i s s s
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1. EXECUTIVE SUMMARY

The Advisory Council for Clean Air Compliance Analyss (Council) identifies four
magor themes that cut across many of the topics and issues in the Draft Andytica Plan for the
Second Prospective Analysis. First, the Council advises the Agency to develop a process that
guides the 812 Andysisto inform policy choices faced by decison makers. Practica godsfor
the 812 Anadysis can guide decisions related to the second theme, the choice among dterndtive
models, methods and data. For example, decisions must be made about disaggregation, the role
of computable generd equilibrium (CGE) economic modds, and the sdection and updating of
ar quaity modds. Third, the Agency needsto convey dearly uncertainties that will dways be
present in forward looking andyses. The Agency should be diligent in explaining what the
models, methods and data can (and cannot) do. Fourth, each new 812 Analysis should be
treated as apolicy tool and an opportunity to identify research needs. As methods and strategies
evolve, it isimportant to track and explain any important changesin modes or assumptions and
their consequences for the results. It isimportant aso to identify future research needs and for
the Agency to address priority needs to strengthen future anayses.

The Council enthusiagticaly supportsthe Agency's efforts to quantify uncertaintiesin
the 812 andyses and recommends that the EPA distinguish three types of uncertainty:
unmeasured variability, mode uncertainty, and scenario design uncertainty. While uncertainty
israrely desrable, it isimportant for policy-makers to recognize the fact that it exists. Careful
characterization of uncertaintieswill help focus research on filling critica data gaps.

With respect to the scenarios used in forecasting future expected benefits and costs of the
Clean Air Act, the Council gives the following advice on how to use the 812 Andysis to help
evauate dternative policies, subject to the congraints imposed by the limits of available
methods and data. The Council advises sector-by-sector disaggregation, rather than title-by-title
andyss. Concerning geographic disaggregation, the Council recommends that the EPA decline
to disaggregate net benefits by region or by group. The Council reluctantly condones limited
and well-caveated regiond disaggregation of benefits but emphasizesthe potentid for

1
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sgnificant error in any attempt to disaggregate costs on aregiond basis. On theissue of changes
in energy policy scenarios, the Council's judgment is that the selection of any specific scenario
would be premature and injudicious. Instead, the report should be clear about the future energy
assumptions being made and the staff should look for ways to assess the implications of dtering

those assumptions. Future senditivity andysis may be appropriate after there is knowledge of the
shape of any new energy policy.

In generd, the Council’s Air Quality Modding Subcommittee thinks thet the stated
emissons and ar qudity modding objectives are vadid. However, the Council recommends the
development of evauation protocols and back-up strategies for emissions and air quaity
modeling. The AQMS raised strong concerns about proposed modeling approaches, based on
information currently available for review. Given the fundamental importance of emissonsand
ar qudity modeling asthe first step in the overdl benefit-cost assessment, the AQMS
recommends that the EPA Project Team provide emissionsinventory and air qudity evauation
results to the AQM S for an interim review before the 812 Analysisisinitiated.

Concerning the assessment of health and ecologica effects, new data on health outcomes
related to pollutant exposures make gppropriate the proposed extenson of the analyses for the
Criteria Pollutants. Improvements are suggested for the trestment of morbidity endpoints and
gratospheric ozone. The Council advises the 812 Project Team to work with the Nationd Air
Toxics Assessment to select one representative Hazardous Air Pollutant (HAP), for which
reasonable amounts of data are available, and to perform a prototype 812 Andysisfor this

specific pollutant.

Ecological effects modding gtill lags far behind hedth effects. Many improvements are
necessary to develop a useful categorization of ecologica service flows, and the Council
grongly recommends framing any analys's of these flows at the level of awatershed or

ecosystem.
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For the vaduation of the benefits of air pollution control, the Council provides advice on
the Agency’s criteriafor selecting estimates for vauing the hedth risk changes measured with a
count of "datistica lives' saved. In particular, the Council commentson the selection of studies
for review, and methods to combine the information from those sudies. The formd vauation
of ecologica benefits remains under-developed. The Council reiterates the need to quantify and
monetize ar pollution effects upon naturd environments, and confirms the continuing
importance of two gods @ comprehensive ecological effects estimates and b) more-effective
communication to policy makers about the potentia significance of ecologicd effects that are
not quantified.

The process of accounting for the full socid codts of ar quality regulations continues to
be challenging. For direct costs, the Council finds proposed approach appropriate but raises
some "minor questions’ about enhancements to the gpproach. However, the Council calls on the
Agency to strengthen its plan to capture the broader socid costs of air qudity regulations.
Through relative price changes, policy measures can have subgtantia generd equilibrium
consequences for consumers, workers, and investors in a variety of related markets besides just
that market most immediately affected by aregulation. The Agency needs to examine closdly its
drategy for choosing a particular Computable Generd Equilibrium (CGE) modd from the
available candidates and must not neglect the potentidly substantid increases in the socid cost
of regulations when other market distortions (such as taxes) are dready present. Tax-interaction
effects will vary from market to market, but cannot be ignored.
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2. INTRODUCTION

2.1. Background

The purpose of this Advisory isto begin the Council's process of providing advice to the
Agency in developing the third in a series of satutorily mandated comprehensve andyses of the
total costs and tota benefits of programs implemented pursuant to the Clean Air Act. Section
812 of the Clean Air Act requires the EPA to periodicaly assess the effects of the 1990 Clean
Air Act Amendments on the "public hedth, economy and the environment of the United States'
and to report the findings and results of the assessmentsto Congress. Section 812 dso
established the Advisory Council on Clean Air Compliance Andyss (the Council) and gave it
the following mission: "to review the data and methodology used to develop the 812 Study and
to advise the EPA Administrator concerning the utility and relevance of the Study.” EPA hasto-
date completed two assessments and received the advice of the Council on them: The Benefits
and Cogts of the Clean Air Act: 1970 to 1990 (published 1997) and The Benefits and Costs of
the Clean Air Act, 1990 to 2010 (published 1999).

In this document, a specid pand of the Council is reviewing the June 7, 2001
“Andyticd Plan” for the sudy, more formdly titled “ Benefits and Costs of the Clean Air Act
1990-2020: Draft Andyticad Plan for EPA's Second Prospective Analysis.” In the course of the
review of this document, the Council will review the Agency’s mgor gods, objectives,
methodologies, and analytica choices for the Section 812 Study beforeit isimplemented.

Initsreview of the “anaytica plan,” the Council and its pand and subcommittees are
guided by the charge questions as identified in the Clean Air Act Amendments of 1990,

1 Specifically, subsection (g) of CAA 8312 (as amended by §812 of the amendments) states: “ (g) The Council shall -- (1)
review the data to be used for any analysis required under this section and make recommendations to the Administrator on
the use of such data, (2) review the methodology used to analyze such data and make recommendations to the
Administrator on the use of such methodology; and (3) prior to issuance of a report required under subsection (d) or (e),
review the findings of such report, and make recommendations to the Administrator concerning the validity and utility of
such findings.”

4
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a) Aretheinput data used for each component of the andysis sufficiently vaid and
religble for the intended andytica purpose?

b) Are the models, and the methodologies they employ, used for each component of
the andyss aufficiently vaid and rdiable for the intended andytica purpose?

C) If the answers to either of the two questions above is negative, what specific
dternative assumptions, data or methodol ogies does the Council recommend the Agency

consder using for the second prospective analyss?

2.2. Processfor Developing this Advisory

The Council decided to form a specid “Pand to Review the Draft Andytica Plan for
EPA's Second Prospective Analysis” The pane was composed of Council members and
members of the Council’s Hedlth and Ecologica Effects Subcommittee (HEES) and Air Quality
Modeling Subcommittee (AQMS) available to participate in aface-to-face meeting. The specid
pand held a public planning teleconference on June 22, 2001; the HEES held a public
teleconference cal on June 25, 2001 to address the proposed methodology for evaluating heslth
and ecologica effects, and the AQMS held a public teleconference cal on duly 2, 2001 to
address the proposed methodology for emisson inventories and air quaity modeling. The
specia panel held aface-to-face meeting in Washington, DC on July 9-10, 2001.

On June 7, 2001, the Agency provided the Council and its subcommittees with twelve
“Key Specific Questions Related to the SAB Council Review Charge for the July 0-10 Review
of the Draft Anaytical Plan for EPA’s Second Prospective Analysis.” The Council addresses
these quegtions in the text within the context of discussing the relevant chaptersin the Analytical
Man, unless the text indicates that responses are provided in Appendix A.
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3. SCENARIO DEVELOPMENT

The proposed refinements in scenario development for the Second Prospective Andlyss
include the use of an additiona projection year (2020), and re-evauation of the three factors that
drive future projections: base year inventory selection, indicators used to forecast growth; and
specific individua regulatory programs. These proposas have stimulated a number of
comments from the Council.

One set of comments concerns using the 812 Anadlysisto address policy goals.  Another
set of comments concerns using the scenarios as atool for improving the data and methods used
inthe 812 Andysis.

3.1. Using Scenariosin 812 Prospective Analysisto help Address Policy Goals

a) Scenariosfor Title-by-Title Benefit-Cost Andysis. Title-by-title disaggregation is
proposed in the Analytical Plan in response to previous advice from the Council giving a"strong
recommendation for presenting the benefits aswell as the cogts of the CAAA by title and,
preferably, by provison, in future sudies.” (Council, 2000, p.4).

The Council recommends that the Agency define the policy objectives served by
disaggregation and design an appropriate disaggregation approach that will help the Agency
make more informed judgments about policy control measures may meet the requirements of
multiple titles making it difficult to determine to which title to attribute costs and benefits.

The Council believes that a useful gpproach would be to examine regulations
sector-by-sector. A desired policy goa would be to know the net benefit of tightening or
loosening the NAAQS and the net benefit of cranking down emissions standards for nitrous
oxides on Stationary sources versus mobile courses. To meet that god, the broadest sectoral
breakdown would be to distinguish regulations on stationary, mobile and areasources.  To the

extent feasble, it would be desirable to seek finer digtinctions-- for example, regulations on

6
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electric utilities. Benefits and costs computed by sector can indicate the relative efficiency of
controls or other emissions management options aimed at different pollution source categories .
For example, inthisframework it is possible to congder the net benefits of ozone Strategies
amed at reductions in emissons from gationary sources (e.g., nitrous oxide controls on the
electric power industry) versus motor vehicle strategies (e.g., enhanced ingpection and

mai ntenance programs)?

Disaggregation by broad sectors of the economy is more appropriate, defensible, and
useful than title-by-title disaggregation. The 35 sector framework identified in the leading
national computable genera equilibrium (CGE) economic model could be used to isolate or to
define appropriate aggregates for approximately sx sectors that are relevant to air pollution.
Thiswould preserve an ahility to discriminate among different control technologies, yet il
dlow the initid impacts of regulations to be propagated throughout the economy to reved the
full scope of their overdl effects.

For the sectord andysis to inform regulation more effectively, the Council recommends
that key individua regulations be andyzed individudly, rather than in groups. The most
important regulations to anayze would be those with high costs, whose benefits are uncertain. It
would seem especidly useful to examine the net benefits of regulations whose primary god isto
reduce ground-level 0zone, since these regulations are likely to have modest benefits compared
to regulations whose primary god isto reducefine particles.  When doing this kind of anadlyss,
it will be important to note how some regulations (e.g., those dedling with nitrous oxides and
volatile organic compoundsin particular) provide benefits in ozone as well asfine particle

reductions.

b) Geographic Disaggregation. The Council provides a response to the Agency's
question regarding geographic disaggregation in Section 9 of this report within the context of
Results Aggregation and Reporting.
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c) Alternative Energy Scenarios. The Agency requested that the Council provide advice
on whether EPA should modd dternative baseline energy policy scenarios to address
uncertainty about the scope and implications of the President’s energy plan. The Council has
reservations about the wisdom of conceptuaizing and implementing such scenarios e thistime.

It would be difficult to "second guess' the full dimensions of the possible new energy
policies from the Adminigiration. Thus, any specific et of scenarios designed to mimic a
potentiad policy would have a chance of being irrdevarnt.

To address the importance of different energy policies, EPA will need to identify the
way's each possible change would influence both the basdine and the policy scenarios. On one
level, energy policy will have a direct impact upon emission rates, but thiswill not be the only
effect. Onewould expect that energy policy changes could adso influence intermediate and long
term relative prices of energy-related factor inputs and consumption goods. Currently, the
Council cannot determine from the information provided how relative prices enter into the EPA's
modds, if a dl. Asaresult, it isdifficult to speculate about the conseguences of exploring

dternative energy scenarios.

Thereis an intermediate Strategy that would alow some later ex post assessmernt (i.e.,
after there is knowledge of the shape of any new energy policy). This strategy would identify
the elements of the Agency's plan for the Second Prospective Andysis that would most likely be
impacted by energy policy (eg., cod usage, dectricity generating capacity, number and types of
gasoline blends, energy prices). The EPA could then develop a plan for a set of specific
sengtivity analyses of the results of the Second Prospective Andlyss. These smulations would
dter the waysin which a subset of these dements vary in the primary scenarios, eg., retiring dl
old coa-powered plants and replacing them with new facilities.

d) Scenario Projectionsto 2030. Thereisahigh leve of uncertainty regarding many of
the drivers of change for projection over the next 20-30 years (e.g., energy supply and demand,

manufacturing process changes, changes in consumer preferences, and technologica advances).

8
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For example, the mix of on-road vehicle technologies and the effect of low sulphur diesd fue
usage istoo uncertain to extend the analysis to 2030. In addition, the benefits estimates
presently focus on the direct public health effects of criteria pollutants. Projections to the year
2030 require the Agency to look more carefully into the much broader potential environmental
and ecologica impacts of regiond, nationd, and globa changes, including climate change, and
their relaionships to implementation of air programs. Because of the increased public
sengdtivity to globa climete change, it is very likely that sgnificant changes in modes of energy
usage will take place in the next ten to twenty years. Unless one can sensibly predict these and
other changes, doing the benefit and cost modeling for 2030 is not very useful.

3.2.  Improving the Data and Methods Used in the 812 Analysis

a) Comparison and Vdidation between Old and New Modds. The andytica plan
provided the following reference pointsin the First Prospective Analyss. the review of base year
inventory, growth forecasting, and regulatory scenarios. This format was very helpful. The
Council recommends that the Second Prospective Analysis aso provide a component that
evaluates, for overlapping years (e.g., 2000 and 2010), how updates in each analyses set of
assumptions, data, and models affects the results for costs and benefits. This addition could help
evauate how data availability and mode uncertainties influence the uncertainty in each andysis.
Where do these improvements have their greatest effects? Would they cause any changein the
judgments made regarding andytica design? This strategy assumes that the Second Prospective
Andysiswould repeat a subset of the First Progpective Analys's done with these revised data or
models, and compare the results.

The Council recognizes that it is not possible to fully replicate, with the proposed
refinement, every aspect of the First Progpective Analysis. A drategy is needed to consider how
the subset of vaidation exercises would be selected (e.g., identifying areas where the andytica
improvements are expected to have the largest impacts and also, perhaps, the smallest). For each
exercise, it will beimportant to check the intuitive plausibility of any differences, aswell asthe
extent of the change. To do this effectively requires a specific design that identifies the

9
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interactions between the base year emissions inventory, the intermediate effects data, the models,
and the particular scenario that will be consdered for this consstency check. What the Council
envisons is comparable to the assessment that the Stanford Energy Modeling Forum undertakes
for mgor energy models used to evaluate specific policy objectives. (See the specia issue of The
Energy Journd entitled "Costs of the Kyoto Protocol” (1999) for an example of the results of one
such evauation).

b) Key Observable Intermediate Variables. It isimportant to undertake a systematic
documentation of how policy outcomes predicted by the Agency's andyses are trandated into
changes that can be eva uated within economic models and thereby affect both benefit and cost
esimation. Has condderation been given to isolating a set of "observable variables™ primarily
physical and economic measures (such as exposures or eadticities) that are intermediate
variables in the computations of benefits or costs and are d o likely to differ across the scenarios
with and without the CAAA?  For example, comparisons might be made of the projected work
dayslost and included in the morbidity estimates, as compared to dayslogt to illnessin totdl.

3.3. General Methodological Considerationsfor all Scenarios

For whatever scenarios EPA may choose to implement, the Council suggests that the
Agency make the assumptions underlying the scenarios explicit. To help put the scenariosin
perspective for Congress and other interested parties, the Council recommends that for each
scenario EPA present a clear and succinct schematic of Titles and how each of them affects
emissions of al of the key chemicals. The Agency should then present separate associated
diagramsillustrating how each proposed scenario would affect treatment of emission reductions
associated with eech title. Thiskind of presentation would help illuminate how the proposed
scenarios are being used to investigate how to improve the efficiency of the policies (in the sense
of maximizing their net benefits).

10
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4. PROPOSED APPROACH TO EMISSIONSESTIMATION AND
AIR QUALITY MODELING

4.1. Introduction: Recommendation for an Emissonsand Air Quality M odeing Protocol

In generd, the AQMS thinks that the stated emissions and air qudity modeling
objectives are vdid. The document provides some useful information about the particular
emissionsinventories to be used and the modding platform under consideration. However,
given the centrd role of the emissions inventory and the ar quaity models, it isimportant thet
the overdl modding plan (i.e., protocol) be not only provided in the Second Prospective
Andyss, but also be presented in draft form to the AQMS for review before the detailed
emissonsand ar quaity modding begins.

The protocol should clearly outline the basic modeling objectives (eg., level of
chemical, spatia and tempord detail needed and level of certainty/accuracy required), key
assumptions, selection of specific model components, evaluation steps, back-up strategy if
eva uation shows models do not meet objectives, how the models will be implemented in the 812
Sudy and communication plan (e.g., Specific way the modeling results will be presented). The
Council recommends, as a starting task and first priority in this context, the development of a
detailed Modding Protocol.

For emissions, it will be especialy important to:

a Describe the emission projection methods used and outline how the projections
methods relate to changes in energy scenarios and other important driving factors;

b) identify and judtify the sdection of emisson modeling components used for as
well asthe sdlection of emisson models (for mohbile, Sationary area, and
biogenic emissons

) describe modds used as preprocessors (for chemical speciation, spatia and
tempord dlocation;

11
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outline differencesin base years sdlected for the inventories and how these relate
to the selection of the years of meteorology which is used in developing various
agpects of the emissons and, ong with the emissons, are key inputsfor theair
quaity modding.; and

discuss geps in evauation of the dataincluding generd data qudity checking
procedures used to catch errors in processing and techniques such as comparison
with other emissions data to insure that the emissions are properly depicting
current and future conditions.

For ar quaity modds, it will be important to:

a)

b)

9

explicitly identify and discuss the individua ar quaity modding tasks to be
undertaken;

identify the pollutants (criteria and HAPS) to be modeled, and the generd
framework of the modeling effort;

identify (and point to documentation for) al the models and relevant databases
(for either modd input development or modd performance evauation) that will
be consdered for the study;

provide a detailed timeline with rdlevant milestones and dternative pathways for
attaining the sudy objectives,

gpecify procedures for both operationd and diagnostic modd evaluation and for
checking the quality of observationa data used in comparing the models with
observations,

edtablish and judtify quality objectives and specific criteriafor accepting or
regjecting models and databases; and

describe and justify the procedures used for selecting modeling studly attributes
(domain boundaries, horizontal resolutions(s), number and thickness of layersin
the vertical direction, €c.).

For both the emissons and air qudity models, it will be important to:

12



© 00 N o o~ W DN P

W N DN N DN DN N NN DNMNDN P PP PR R
O © 0o N oo o A W N P O O 0ON O O D W N - O

July 27, 2001 DRAFT: PLEASE DO NOT CITE OR QUOTE

a) outline (and justify the sdection of) the specific procedures to be used for
sengitivity and uncertainty anadyses of both the emissons and the air qudity
(transport/transformation) models, and

b) Describe how modeling results will be presented in the report and how the results
will be prepared for use in other steps in the benefit-cost assessment.

The AQM S would like to underscore the need for consstent modeling protocols within
EPA.

4.2. Emissions Estimation

Specific guidance is discussed next:

a) Scenarios. Asdescribed in section 3.3 of this document, the Council recommends that
the EPA present a clear and succinct schematic of Titles and how they each affect emissions of
al of the key chemicals. The Council dso recommends that the Agency develop aplan for a set
of specific sengtivity analyses of the results of the Second Prospective Andysis that are most
relevant to energy policy. The Council recommends that sengitivity analyses be done regarding
the implications of usng more fossil fudl, as might be the case under proposed energy policies,
than is assumed in the energy basdine scenario. Along the same lines, the Council recommends
conddering sengtivity andyses that reflect any different fuel choices, or economiesin the
trangportation sector, that might evolve in the near future. In addition, the relationships between
growth, energy demand, location of new power plants and types of fuelsand emissons
associated with these new facilities needs to be properly taken into account. In particular, power
and associated emissions may be produced in one state to accommodate growth and increased
energy demand in another state. And for smaller Sates, growth projection by state may not be

appropriate.

b) Stationary Sources. The issues of energy scenarios and growth have a direct bearing

on how major point sources are treated, both now and in the future. A careful review of

13



© 00 N o o~ W DN P

W N DN N DN DN N NN DNMNDN P PP PR R
O © 0o N oo o A W N P O O 0ON O O D W N - O

July 27, 2001 DRAFT: PLEASE DO NOT CITE OR QUOTE

emissionsis needed to make sure that no significant sources have been overlooked or double

counted.

¢) Mobile Sources. The AQMS thinksthet it is very important to the credibility and
accuracy of the Second Prospective Andlysis that the model MOBILESG be used to estimate the
volatile organic compounds and nitrous oxide emissions from on-road mobile sources. The
improvements in estimating the actua emissions are substantial and are criticd to the purposes
of the Second Prospective Anaysis, namely ng the cost and the benefits of control
requirements and of possible additiona emisson reduction requirements. Proper trestment of
vehicle milestraveled and the assumed contributions from cold starts will be essentid when

characterizing current emissions and future reductions.

d) Uncertainties, Consistency, and Evauation. Comparison of modeled and observed
trendsis possible and should be conducted (i.e., asis outlined under the uncertainty analyss
commentsin Section 8 of this document). These comparisons can help identify problems with
the emissions and with the modeling approaches. In addition, ongoing regiond studies should
ether be conggtent with the 812 Analysis, or careful documentation and assessment of the
differences are needed.

4.3. Air Quality Modeling

a) Generd Comments. The plan dates that "EPA plans to employ well-established,
peer-reviewed models to generate predicted concentrations for each of the pollutant categories
andyzed in the firgt prospective andyss'. Thisintention, however, sesemsto be contradicted by
what followsin Chapter 5 of the Plan.

REMSAD Verson 6, the proposed modeling platform for dealing with multipollutant
andyses, is gill under development and has yet to be eva uated for gpplications of the type
required for the 812 Andyss. The AQMS has strongly encouraged using asingle platformin

the prospective studies. However, we are concerned about choosing a platform on the basis of

14
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itsamplicity and computationd efficiency, but goplying it to tasks not envisoned or
accommodated initsorigind desgn.  While it may turn out to be reasonable to use REMSAD
Version 6, further evauation of this modd is needed, along with documentation of performance

to assure the precision of the estimates.

REMSAD was developed to ded with long-term andlysis of linear, or approximately
linear, problems of aerosols, non-reactive or linearly decaying air toxics, and deposition. The
amplified trestment of both aimospheric chemigtry (inits most recent versons) and trangport
was not amed at assessing problems of tropospheric ozone or of related secondary

photochemica pollutants that can be air toxics.

There is nothing fundamentaly wrong with usng a smplified mode for an analyss of
the type consdered in the Plan. In fact, the smplest modd possible, provided it fully satisfies
the quality objectives criteria of the intended analysis, should be used for this gpplication. The
problem for the current 812 study isthat such criteriaare not clearly defined inthe Plan. Inthe
development of a Modeling Protocol, these criteria should be established at the beginning to
reflect the needs of the overal study and should be used for the scientifically defensible selection
of the appropriate air quaity modd.

For the 812 study, there is the danger that the mode can be accepted on the basis of low
but acceptable accuracy.  This could happen especidly if the needs of the study require
"directiond" estimates such as concentration ratios, rather than accurate "single-point” vaues
but not to be sufficiently precise to produce directiondly correct estimates.  Thiswill bea
potential problem, especialy considering the character of current ozone control strategies.

Findly, the proposed "linear rollback™ approach proposed for sulfur dioxide, carbon
monoxide, and nitrous oxides is reasonable, especialy for addressing some issues of loca
hotspots or subgrid variahility that cannot be dedlt with in the REMSAD framework. However,
it is essentid to delineate how the proposed anayss will ensure consistency (or resolution of
potentid inconsistencies) between the REM SAD estimates and the linear rollback calculations.

15
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While the AQMS has advocated moving to a single modding platform, there is dways
some concern about too greet ardiance on asngle air quality modd, especidly when the
chosen model has not been thoroughly scrutinized by the scientific community. REMSAD may
not be the optimal mode to use. Another model that ought to have been considered is CAMX.
But we sympathize fully with EPA's need to conserve resources, and the AQMSwill need to
learn more about REMSAD version 6 before passing afind judgment onits usein the 812
Anayss. To thisend, the AQMS requests the opportunity to review the results of the model
evauation planned for demondrating the gpplicability of REMSAD to ozone and fine

particulate matter assessments

The Council's detailed responses to the Agency's Key Specific Questions 9, 10, and 11
concerning REMSAD can be found in Appendix A.

b) Ussfulness of Other Air Quality Modeling Efforts. EPA should be strongly
encouraged to take into account the outcomes and ongoing developments of other efforts both at
EPA and at various regional modeling centers. Indeed, thereis currently atremendous amount
of activity that can provide useful supplementary information for the activities in the proposed
Pan.

For example, there are moddling efforts such asthe current Nationa Air Toxics
Assessment (NATA) with the 1996 Nationd Toxics Inventory (NTI), aswel as various
on-going National Exposure Research Laboratory (NERL) studies that utilize variants of the
CMAQ modd to assessair toxics. For example, averson of CMAQ that includes an ability to
mode atrazine has been used by NERL to mode the period from May through July of 1995, at
36-km resolution, over the eastern US. Results are being evaluated againgt wet deposition data
for atrazine over the Great Lakes area. Another verson of CMAQ that includes mercury
chemidtry, is now being tested by NERL over the eastern US a 36-km resolution. Various
modeling groups are currently using data from fied sudies in attempts to vaidate dternative
versions of aerosol dynamics modules (including the MARS-A module, to be incorporated in
REMSAD) within CMAQ, MAQSIP, and other platforms.

16
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¢) PM Modding Evauation Requirements. The Council's AQMS cannot determine
from the draft Anadytica Plan the adequacy of methods proposed for PM Modding, For
particulate matter assessment, the AQM S requests to see the preliminary modeling results by
component of PM 2.5 and PM 10, in order to judge whether the performance of the emission
inventory and moddling systems is adequate to make the required cost and benefit assessments.
Thisinformation could be provided as part of the REMSAD model evauation exercise results
that the AQM S has dready requested for review.

The PM components that the Council's AQM S envisons the Agency modding are
sulfate, ammonium, nitrate, organic carbon, black (or elemental) carbon, and crusta materid.
With the improvements that have been atempted in crustd materid emisson estimates, it is
important to see whether the ambient concentration estimates that are produced are now more
redidic. Itisasoimportant to see whether the estimates of primary and secondary organic
carbonaceous components of particulate matter match what is actualy found from field studies.

The data avalladle will not alow prediction of future PM component concentrations by
multiplying the concentration for the base period by aratio, where that ratio is constructed by
dividing the modded future concentration of the component by the concentration of the
component modeled for the base period. However, there are adequate data to check the
performance of the modd for each component for most areas of the country. (CAN THE AQMS
PROVIDE THESE REFERENCES NOW?) The AQMS can suggest sources of information on
PM composition which would be adequate for determining how well the inventory plus
modeling procedures are representing redity in the base case. This component-by-component
andysisis essentid to providing an adequate basis for even a quditative uncertainty andysis for
particulate matter in the Second Prospective analyss.

This concern over PM isreated to the treatment of hedlth benefits. The hedth-response
threshold issue for PM is not settled because the use of ambient concentrations instead of
persona exposure can mask the presence of athreshold. The Council is glad to see that EPA

17



© 00 N o o~ W DN P

N DN NN DN DN DN NN DNMNDN P PP PR E R R
© 00 N OO o A W NP O O 0N O O D W N - O

July 27, 2001 DRAFT: PLEASE DO NOT CITE OR QUOTE

plans to assume no threshold but also plans to conduct a sengitivity analyss to gauge the impact
of varying threshold levels.

d) Ozone Moddling Issues. The current blueprint does not explicitly indicate how
emissons of biogenic organic compounds will be estimated. Thereisanew verson of the
biogenic emissons model (BEIS verson 3) that is gpparently in atesting phase. The EPA
webpage says "It is anticipated that a verson of BEIS3 suitable for testing in CMAQ will be
ready by January 2000." At thispoint, it isnot clear what will be the differences between
Verson 2.3 (the current release) and Verson 3 or how long it is expected to take before the
model will be ready for use in applications like the next prospective andyss. The AQMS
suggests that the 812 Project Team provide justification for proceeding with Verson 2.3 and
outline the differences between this and the newer verson.  The AQMS would like to review
this judtification prior to the development of the emissons inventories for the assessment.

Given that there is better incorporation of the chemisiry of isoprenein REMSAD 6, it isvery
desirable to improve the estimates of the amount of biogenic compounds that go into the model.

Asaresult of the suit by the American Trucking Associations vs. Browner (99-1426), the
Council recommends that the Agency's andyd's address the issue of the potentid beneficid
effects of tropospheric ozone in reducing ultraviolet-B exposure. It would seem that, given the
relatively lower concentrations of 0zone even at the higher pressures in the troposphere,
[WHAT? would not make large contributions to the column ozone values. It would then be
possible to estimate the total column ozone and gpply the same vauation to tota column ozone
ingtead of just the stratospheric ozone [LAST TWO SENTENCES UNCLEAR.. "vauation" not

economic vauation)

In terms of other hedlth effects, there has been relatively little new work on ozone adone.
Certainly the literature needs to be carefully reviewed. Theresultsof Thurston and Ito (2001, in
Press) could dter the current characterization of 0zone exposure/response relaionshipsif their
study is better able to account for meteorologica effects. Thereisaneed to reanayze existing
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studies for complex interactions of meteorologica variables and ozone in terms of their joint
effects on hedth.

€) Toxics Assessment Concerns. The Council's recommendation to carry out a detailed
assessment for benzene raises one air quality modeling issue. It isimportant to question whether
the sort of national modeling that is being performed for ozone and particulate matter (PM)
assessments is appropriate for benzene. A detailed benefit-cost assessment for benzene control
was published in the Journd of the Air Pollution Control Association (now the Journd of the Air
and Waste Management Association (PLEASE PROVIDE CITATION) that included exposure
during refueling of private automobiles. Since this remains one of the mgor sources of
individua exposure to benzene in areas without Stage 11 vapor recovery, any assessment that
does not recognize this pathway of exposure would be lacking key information about the costs
and benefits of the Clean Air Act.

19
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5. PROPOSED APPROACH TO ESTIMATION OF HUMAN HEALTH AND
ECOLOGICAL EFFECTS

This chapter amal gamates the Council's comments on Chapters 6 and 7 of the Anaytical
Pan. Thisdiscussion focuses on the problems of identifying the magnitudes of the physicd
effects of air pollution: predominantly mortaity or morbidity in the case of human hedth effects,
and harm to ecosystem functions or services in the case of ecologicdl effects. The next chapter
will address the problem of vauing (monetizing) these effects for use in benefit-cost andyses.

51 Health Effects

The proposed extension of the analyses for the Criteria Pollutants that is summarized in
Exhibit 6-1 of the Andyticad Plan is gppropriate, consdering the newly available data on
additional hedlth outcomes related to pollutant exposures cited below.

a) Particulate Matter (PM) and PM Mortdity Threshold. The choice of the Krewski et
a. (2000) specification as the primary mode for predicting PM mortality is reasonable.
However, the text on p. 6-5 of the Blueprint should note that this specification extended the
andysisto 63 U.S. cities (from the origind fifty citiesin the Pope et d. (1995) study) and used
the mean annual PM 2.5 concentration rather than the median.

The text of the section on PM should be expanded to reflect some recent relevant

research reports. Theseinclude:

1) The report by Laden et d. on the follow-up study of the six-cities cohort (Laden et A,
2001 FULL CITATION NEEDED).

2) The paper by Kiinzli et d. on the judtification for relying on the cohort mortdity
studies for the best estimates of PM-related premature mortality (Ktinzli et a. 2001
FULL CITATION NEEDED).
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3) Research reporting significant PM-related infant mortality to supplement the

previous paper by Woodruff et d. (1997). Theseinclude an eight-city sudy (in the U.S)
by Kaiser, Kunzli, and Schwartz (2001 NEED FULL CITATIONS). One, by Haet d.
(ISEE-134 NEED FULL CITATIONS) describes PM 10-related mortdity in Seoul,
Korea. Two others describe PM10-rdated reductionsin birthweight, which provide
coherence support for premature mortality. Bobak (ISEE-209 NEED FULL CITATION)
provides data for the Czech Republic, and Wojtyniak et a. (ISEE-331 NEED FULL
CITATION) provide data for Poland.

4) Thediscussion of alack of evidence for a PM-mortdity threshold is appropriate.

New research sheds light on benefits that may be associated with EPA's upcoming
Nationa Air Quality and Standards (NAAQS) review of apossble PM10-2.5 standard. At this
year's Internationa Society for Environmenta Epidemiologists (ISEE) mesting [VERIFY ...E
can also stand for Economics or Ethics], the paper by Pope et d (ISEE-205 NEED FULL
CITATION) describing afollow-up analyss of the American Cancer Society (ACS) cohort in 51

U.S. citiesfor 16 years of mortality experience will report significant associations between PM
2.5 and both cardiopulmonary and lung cancer mortality. There were no associations of mortaity
with the coarse thoracic mass (PM10-2.5). For the PM-related mortality estimates for the 812
Analysis, it appears adequate to stay with the PM 2.5 concentration response. Thereis not
aufficient basisin the literature at this time for a separate (and additive) PM10-2.5 concentration
response for mortaity. However, for pulmonary morbidity, PM10-2.5 can be an important risk
factor.

The Krewski et d. (2000) re-anaysis of the Pope et d. (1995 ) study of PM
2.5-associated mortality, using the American Cancer Society (ACS) data, is Significant in that it
essentidly confirms the origind findings. The rationae for selection of a specific
concentration/response (C-R) coefficient for the Second Prospective Andysis needs to be
discussed. The proposa to switch to the mean measure of PM 2.5, rather than the median,
makes good sense. Are there specific properties of the candidate analyses, such asthe use of a
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greater number of potentiad confounders or the range of statistical issues considered, that have
guided the selection of C-R coefficients for the primary andyssin the Second Prospective
study? Also, it does not seem necessary to include so many dternative estimates. Other than the
mearn/median issue, the coefficients can be directly compared to see how much difference they
would make. It does not seem necessary to calculate dl the benefits again in order to assess how
much difference the aternative results would make. The Samet et d. daily time series results and
the Dockery et a. (1993) (or the Krewski et al., 2000) reanays's Six-cities prospective results
would bound any of the results with the ACS data because the daily time series results show a
much lower PM mortdity effect and the six-cities prospective results show a much higher PM
mortality effect.

Thereisapressing need to complete research that validates the use of a
concentration/response function that is based upon PM 2.5 done. This research needsto
determine whether the concentration-response function is more robust for toxic constituents
(individud or multiple) or sub-size fractions of the PM 2.5 mass.

b) Ozone. The text should discuss the findings of Thurston and Ito (in press, 2001) and
incorporate any plausible damage function for mortality based on ozone. These authors have
reported that the estimate of the O3-mortdity effect increasesin Sze and Satigtica sgnificance
when nonlinearity and interaction effects are incorporated into the modd's weather pecification.
EPA needs to assess whether this paper hel ps to address the uncertainties about potential
confounding between ozone and PM 2.5 that led to the dropping of the earlier meta-andysis for
ozone mortdlity.

¢) Chronic Asghmaand other Morbidity Endpoints. The Andytical Plan neglects
asthma-related conditions for each of the NAAQS that could be supported by the Air Quality
Criteria documents and other scientific literature (Lebowitz, 1996). Thereis currently a
disconnect between what is said in Chapter 6 of the Andytica Plan and what isincluded in the
tablesin Appendix C, probably due to recent changesin plans.
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The Agency should be aware that there are various other quantitative estimatesin the
literature, in addition to those provided in Appendix C. (Lebowitz, unpublished ms) Thereare
important differences in coefficients when one compares the conclusions from different studies
for the same endpoint related to the same pollutant.  There is good quantitative data from

non-North American sudies (and some older US studies as well), but these studies have not been
acknowledged in the Analytical Plan. (Lebowitz, unpublished ms.)

d) Hedth Effects Associated with Stratospheric Ozone Depletion. It is essentid to make
sure that the agency has the most up-to-date information for the variables and relationships that
condtitute the input vaues to the AHEF Modedl. 1t isimportant that thisinformation be presented
to the AQM S and HEES for review before the analysis begins.

The Council has severa questions concerning the process of updating the Title VI
(stratospheric ozone) andysis, in particular, the Benefits Estimation Approach described in
Appendix B. The following comments pertain to the Steps identified on pages B-4 through B-7.

1) Is"no further ozone depletion” a valid boundary condition? Some studies
indicate that thisis reasonable, and it is supported by projections of United
Nations Program on Ozone Depletion.

2) What basisis the Agency using to forecast that ozone depletion will decline over
the next haf century? What uncertaintieswill be examined in the andyss?

3) Are any activities planned to check the performance of the AHEF modd againgt
current or previoudly collected data on stratospheric ozone or UV B, or precursor
levels?

4) How does the Agency adjust for confounding sources of skin cancer? The
American Trucking Associations lawsuit againgt the Agency may make it
necessary to respond to the question of possible beneficia effects of tropospheric
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ozone in reduce UVB exposure. Does the Agency intend also to look &t the
effects of UVB on commercidly exploited natural resources (such as crops) or on

non-market ecosystem assets (including both plant and animal species)?

5) Andysis of the benefits of Title VI necessarily requires avery digant time
horizon, such asthe year 2165 proposed in the Draft Andytica Plan. Projections
thisfar in the future will necessarily be highly uncertain because of the need to
consder climate change and other factors that may influence stratospheric ozone
concentrations, and changesin living styles, hedth care, and other factors that
may influence human susceptibility to changesin UV-B radiaion. The Council
suggests EPA consder the most gppropriate time horizon and note the relevant

sources of uncertainty.

€) Hazardous Air Pollutants including Mercury. The Pand was asked to address the
guestion, "Does the Council concur with EPA's assessment that currently available methods do
not support a defensible quantitative characterization of health risks and benefits vauation for

the cancer, non-cancer and ecologica effects of air toxics?'

The draft andytica planislargely slent on thetopic of air toxics, other than the
gatement "EPA will undertake no quantification of health benefits associated with exposure to
ar toxics" Public perception isthat HAPs represent an important health risk, but caculations
for the Retrogpective Analysis indicated that the benefits from further control of HAPs were
likely to be smadl.

The Second Prospective Analysis will provide an opportunity to place the problemin
perspective. To do this, the Council suggests that the Agency consider selecting one
representative air toxic contaminant for which reasonable amounts of deta are available and
perform an 812 Anaysisfor this specific contaminant as a prototype. The recently published
NATA report provides data prior to 1996 on the priority HAPs substances, including benzene.

At the present time, benzene provides an example of a"datarich” ar toxic contaminant. The
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degree to which additiond information might be available in time for the current prospective
andysis should be evduated. Thereis substantid literature on the hedlth effects of benzene, and
there have been extensive reviews published, athough the dose-response information is much
less developed than for any of the criteria pollutants. Thereisaso agreat ded of ambient
concentration data on anationa basis. Benzene thus appears to be the best candidate for a
prototypica HAP andysis, but others might be considered by the Agency. For example, some of
the meta air toxics (e.g., lead, arsenic, and cadmium) are probably better indicators of hedlth
effects than benzene, and they are more like PM and other chemicas regulated through the
Nationa Ambient Air Quality Standards process.

An 812 andysis using the available benzene data would: 1) identify limitations and gaps
in the data base; 2) provide an estimate of the uncertainties in the anadyses and perhaps provide a
reasonable lower bound on potentia hedlth benefits from control; and 3) provide a scientific
basisfor deciding whether thereis merit in pursuing a greeter ability to assess the benefits of air

toxics.

Another issue concerning air toxicsis their potentia role in ozone depletion. The extent
to which benefits of HAP control might be derived from this ancillary role could be evaluated
aong with the benefits from reducing other ozone-depleting substances.

5.2. Ecological Effects

The Pand's comments address the Agency's Key Specific Question Number 8, "Doesthe
Council have specific suggestions for improving the coverage of ecologica effects endpoints, or
specific research citations that might be of use in characterizing ecologica effects of air
pollutants?*

Chapter 7 and the associated chapters that address ecologicd issues accommodate many
of the concerns raised by the Council's review of the First Prospective Study (EPA, Science
Advisory Board, 1999, 2000 and 2000), and the progression of the Agency toward a greater
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commitment to the sciences of ecology and natura resources is encouraging. There remains
concern for the gpproach to evauating the benefits and codts of ar quaity. The Council
concludes that many improvements are still necessary and these are highlighted below.

The main issues concern development of a useful categorization of ecologica service
flows and initiating vauation of these flows at the level of awatershed or ecosystem. Currently,
itislikely that only asmdl percentage of the value of ecologicd service flowsis being
quantified, because information and agorithms are not currently available to generate damage
functions for most ecological processes at the ecosystem or watershed level. The Council
endorses the Agency's suggestion that an initia effort to capture the ecosystem level benefits
derived from ecologica service flowsis appropriate. The Council feds that smple transfers
from the erroneous Constanza et d. Nature (May 1997) paper should be avoided. Ecological
service flows are best captured at the ecosystem or watershed level. At the present timereliable
estimates of benefits from comprehensive ecosystem studies do not exist.

Asthe literature continues to develop, the Agency should sustain a strong effort to bring
non-market ecosystem benefits into the mainstream of benefits caculation. Underlying the 812
Project Team's limited capacity to quantify ecologicd service flowsis the rdatively smal base
of information available about the effects of margind changesin ar pollution on ecosystems.
Until amgor research effort is funded to develop such an information base and generate
gppropriate damage functions at the ecosystem or watershed level, future 812 Anayses will
probably continue to drasticaly underestimate the benefits of the CAAA by orders of magnitude.
The Council strongly recommends that the Agency plan and implement a concerted research
drategy to addressthis deficiency. A pardle and probably equaly massive effort will be
needed to develop methods to monetize changes in ecological service flows. These research
efforts should be conducted in parald, with consderable intellectud interchange. The SAB
might be able to provide useful input into the planning and review of this research program.

The Council is emphatic in its recommendation that the Agency embrace an

ecosystem-level approach to the valuation of benefits from nonmarket ecological service flows
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that will complement its existing more traditiond valuation of commercidly exploited natura
resources. HAMMITT--THIS CALLS FOR CITATIONS; CAN OTHERS PROVIDE? The
growing literature in the ecologica sciences community that addresses economics, in
combination with the growing literature in economics that addresses environmenta vauation,
needs to be "brought to the table" in ar quality benefits assessment.
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6. ECONOMIC VALUATION OF HEALTH AND ECOLOGICAL EFFECTS

Like the Draft Andyticd Plan, this report distinguishes the issue of physica
measurement of the health and ecologicd effects of air pollution from the problem of vauing (or
monetizing) these effects for a benefit-cost andyss. Chapter 8 of the Draft Andyticd Plan
addresses the problem of economic vauation. The following subsections report the Council's
reections to these proposals, firg for the valuation of hedlth effects, and then for the valuation of
ecological effects.

6.1. Valuation of Health Effects

The"vaue of agdtidica lifé' (VL) hasbeen an important parameter in previous
bendfit-cost andyses. Whereas the vaue of one individua human life might ethicaly be viewed
asinfinite, mogt environmentd regulaions lead to margina differences in the probability of
death, dbet for large numbers of people. A regulation that saves one satigticd life might be
one that reduces the probability of deeth in a specified time period. Some monetization of this
"ddidicd life" is necessary for achieving dollar-denominated measures of the benefits from this
reduction in mortality risk.

The Draft Andytica Plan cdls for vauing mortdity risk by sdecting aset of gppropriate
VSL edimates from multiple studies, calculating the average estimated VL, then adjusting this
average to account for lags between exposure and degth, future increases in real income, and age
of the affected population. The Council has the following comments and suggestions related to
the proposasin the Draft Andyticd Plan.

a) Sdection and Combination of Studies. The council commends EPA for its thoughtful

and extensive review of the empirical literature on VSL. Asdescribed in Appendix D, EPA
examined 89 VSL sudies. The Council agrees with EPA that no single studly is definitive, and
that some of the 89 studies provide little or no information relevant to vauing risks of
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ar-pollution-reated hedth effectsin the US. Hence, the rlevant question concerns which

gudies provide useful information, and how best to combine the information from those sudies.

It is appropriate to conduct a new literature review for the VSL values because there have
been many new studies published since early 1990's. However, the updated review does not (and
cannot) solve theissue of the applicability of these estimates to the vauation of incrementd
mortaity due to air pollution, because the literature does not provide the answers to these
questionsyet. The literature is till predominantly providing estimates of VSL for accidenta
degths, and there is il very little information about how age or hedlth status might affect the
V3.

EPA proposes a st of screening criteriafor VSL estimates, and calculates average VSLs
from the set of estimates that satisfy these criteria. The Council has concerns about both aspects

of this procedure: choice of screening criteriaand the process for averaging of study results.

The inventory of studies reported in the Analytical Plan uses two sets of sdection
criteria. Thefirgt set isintended to rule out studies that do not estimate the desired measure. For
the most part these rgections are gppropriate. We are looking for estimates of willingness to pay
(WTP) for aperson's own fata risk reduction in the current time period. The excluson criteria
listed in the second through fifth bullets on pages D-2 and D-3 of Appendix D are appropriate
for screening out ingppropriate studies. The Johannesson and Johansson (1997) results should
a0 be diminated here because they are estimates of value now for risk reduction much later in
life. That is not the measure of VSL that EPA should be looking for, for thisanalysis. Labor
market sudies usng actuarid (total) mortdity data, rather than on-the-job fatality data, should
aso be diminated in the first round. Thisis unacceptable study design. There is one specific
question on this issue, however: Exhibit 7 clamsthat Gerking et d. (1988) used actuarid data.
Thiswasa CV study using perceived on-the-job risk. The Council doubts that actuarial data
were used. It isnot clear that pilot studies should necessarily be diminated because thereis not
a dandardized definition of what apilot sudy is. Some authors might use that term while others
do not even though the studies are milar in their design and execution.

29



© 00 N o o~ W DN P

N DN NN DN DN DN NN DNMNDN P PP PR E R R
© 00 N OO o A W NP O O 0N O O D W N - O

July 27, 2001 DRAFT: PLEASE DO NOT CITE OR QUOTE

But many of the screening criteriain the list starting on page D-6 can be chdlenged. For
example, severd of the criteriarequire EPA to draw an inherently arbitrary bright line when
dudies differ on some continuous éttribute (e.g., sample Sze (criterion #7), basdine risk
(criterion #9)). Other criteria are arguable (e.g., the extent to which non-US studies should be
included (criterion #6); EPA initidly imposes this criterion then relaxesiit to include al OECD
esimates).

It isaso premature to rule out al the consumer market studies, solely because they are
lower-bound measures. They should be presented, at least for comparison purposes, because they
provide areveded preference approach that is different from the labor market studies. Even as
lower bounds, they can help provide some assessment of the credibility of the other findings.

It is gppropriate to limit the sdlection to one set of results for agiven data set, but care
must be taken in determining which one of a set of results to select. Results reported in a second
publication should not be automaticaly ruled out as the "best” choice. There may have been
improvements in the analyss that make the second et of results a better choice for EPA's
purposes. This needs to be evauated on a case-by-case basis. Thereis aso the issue of different
authors anayzing essentidly the same data, such as BLS data for comparable years. It is not
clear what to do about this.

Itisdifficult to evaluate aset of sdection criteria by observing the sdlections thet result,
but it seems like the selection criteria gpplied to the 60 VSL estimates that emerge from the first
selection process are too siringent. Only 16 of the estimates survive, and these include only 9 of
the 26 estimates used as the basis of the previous VSL egtimates EPA wasusing. The basic
gods of the selection criteriaare not clear. Isthe objective to find afew studies that provide the
very best-suited results for this analys's, or to diminate just those that are not well suited? There
is some argument for leaning toward the latter criterion and to be very cautious about eiminating
sudies that have passed the first hurdle of using accepted methods to estimate the vaue that
EPA wantsto know. It makes sense to drop working papers and very smal sample pilot tests,
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and perhaps very atypica subgroup studies, but other than that, most of the estimates should be
retained and further evaluated and compared.

The review would be easier to digest if the review process were presented separately for
labor market and stated preference studies. These are very different estimation methods that face
different kinds of chalenges. For example, the averagerisk level in the sample population may
be arelevant issue for the labor market studies, but for state preference studies, a better indicator
would be the magnitudes of the risk increments presented in the survey for respondents to
evauate. However, these should not be selection criteriain either case, but rather factors to be

used when comparing results across sudies asis done in Exhibit 6.

The Council offers some observations concerning the sdection criteriardevant to the
labor market sudies:

1) Controlsfor non fata risk. This criterion identifies a clear conceptud failure in some
of the studies, because of the problem of omitted-variables biasin the fatal risk coefficients due
to potentia correlation of fata risks with omitted non-fata risks. Thirty-five sudiesfail to
control for non-fatal risk, but arough estimate of the resulting biasin VSL due to this oversight,
indicated in Exhibit 8, is only about 20% and is not Satigticaly sgnificant. There should be
enough studies reporting results with and without controlling for non-fata risks to assess
whether thisisared problem or not.

2) Sample szeisgenerdly not an issue for labor market VSL sudies (unlessthey are
based on survey data), but non-representative samples may be aproblem. Few, if any, of the
gudies are nationdly representative. Blue collar jobs held by men are over-represented in these
gudies. It is hard to say where to draw the line. The study of police wages may be an example of
atoo-specidized subgroup. Also, it looks as though there are problems with the measure of risk
usad in thet study.
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3) Thefact that apaper has reported VSL estimates only in footnotes or tangentialy
should not be deemed a sufficient cause to diminate those estimatesiif the study's methods are
appropriate for measuring VSL. Unless the andysisis congtrained in some way that distorts the
VSL estimates, there does not seem to be any reason to diminate the estimates just because they
are not the primary focus of the paper.

Concerning some of the selection criteria for stated preference studies, the Council makes
the following observations:

1) Risk reduction clearly defined. The authors need to explain better the gpplication of
this criterion to specific sudies. It isliged as a problem for only two studies Gerking et d. and
Low and McPeters. The Council understands the latter to have been awage risk study, and thus
is unsure how this gpplies. Based on the notes in Exhibit 2, it sounds like the risk measure was
not appropriately defined as risk per individua for awage-risk analyss. This should have caused
eimination in the firgt round. Gerking et d. is a survey study concerning the risk of fata
accidents on thejob. It is not clear that thisrisk reduction was significantly less clearly defined
than in the other survey sudiesin thelig.

2) Plausible payment obligations. This does not appear to be a problem.

3) Sample size greater than 200. This has some appedl, but the cut-off point is arbitrary.
The necessary sample sze varies depending on the dlicitation method used. Single referendum
syle questions typicaly need more than 200 observations. Open-ended questions may get by
with fewer. EPA may pose some unnecessary problems for itself with this criterion, because it
eiminates Viscud et d. (1991), the study used as the basis for the chronic bronchitis value.
Their sample sze was 195, but the study was well-designed and provides very useful
information not available elsawhere. It should not be dropped because of the sample size.

4) Sample representative of the U.S. population. Few, if any, of these sudies have
samplesthat are Satistically representative of the U.S. population. 1t would be preferable to
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favor agenera population sample over samples drawn from very atypica subgroups, such as
college students or police officers. Studies of very atypica subgroups should perhaps be
dropped, but al generd population studies should be included.

After identifying 16 OECD estimates that satisfy the (revised) selection criteria, EPA
combines these estimates by fitting a parametric form to the margind distribution of these 16
individua point estimates and then calculating the mean. In order to adjust for differencesin the
vaue of currency, non-US estimates are converted to dollars at the PPP rate for the year in
which the data were collected (or published), and al estimates are converted to 2001 dollars
using the CPI. Thus, no adjustment is made for differencesin income, basdinerisk, or other
factors that may influence VSL (the inflation adjustment makes implicit assumptions about the
income dadticity and growth of income rlative to cost-of-living).

The Council suggests that the EPA congider using regression-based meta-andysis as an
dternative gpproach. Meta-analysis can be used to estimate a functiona relationship between
esimated VSL and a variety of methodological and empirical factors that differentiate sudies
(eg., Liuetd., 1997; Mrozek and Taylor, in press). The resulting function can then be used to
forecast the estimated VSL for the methodological and empirical context relevant to the Second
Prospective study. In principle, meta-andysis has two potentid advantages: results would be less
sendtive to inherently arbitrary decisons about which sudies to include (snce dl reevant
studies would be included, and each study's influence would depend on how consistent its results
are with other included studies).

At aminimum, it will be useful for EPA to examine exising meta-analyses S0 that
broader use is made of the information in studies that EPA is currently rgecting. With time and
resources EPA could add to these efforts by developing its own meta-andysis. This
recommendation dependsin part on the quality of existing meta-anadyses.

In addition, the Council recommends some further screening of the VSL studies based on
contingent vauation methods. The Council suggests that any contingent vauation studies
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included provide evidence that the estimated WTP is sendtive to the magnitude of the stated risk
reduction. A finding of gatisticaly sgnificant differencesin WTP for different Sze risk

changes suggests that subjects are responding to the specific risk reductions presented, which is
necessary to obtain valid results. Some analysts argue the WTP estimates should be proportional
(not just different) to risk changes based on theoretical analyss (Hammitt and Graham, 1999),
but proportiondity is seldom seen in any CV studiesfor risk or other nonmarket goods. Sincea
point estimate of VSL is calculated by dividing estimated WTP by the stated risk reduction, if
WTP is not exactly proportiond to stated risk reduction, different VSL estimates will result from
different (and probably arbitrary) choices of the magnitude of risk reduction . The same CV
study may therefore provide more than one VSL estimate. A meta-analysis could examine the
relationship between the Sze of therisk change and the VSL, including dl the estimates from all
the CV sudies that meet the screening criteria Some paiterns may emerge that would be helpful
in determining how to combine estimates across studies, and how much weight to give to
multiple and differing estimates from the same study. Although theory suggests that WTP

should be nearly proportiona to stated risk reduction, very few CV studies have satisfied this
criterion (Hammitt and Graham, 1999; Corso et d., in press).

If meta-andytic techniques are not pursued, or existing meta-analyses cannot be
exploited, the Council suggests going back to Exhibit 4 after amuch more limited culling of the
gudies. Then, the figures would show a very skewed didtribution with most of the estimates
fdling a the lower end, and a very long flat tall a the high end. This suggests that the weight of
the evidence might best be characterized by something other than a smple arithmetic mean.

b) Adjudting for Income Growth. EPA proposes to value future changes in mortality risk
using aVSL which increases to account for anticipated increases in real income. This approach
is conceptualy appropriate, but there is substantial uncertainty about the appropriate income
eadticity. Careful meta-analyss of exigting studies may lead to some narrowing of the proposed
range of income eladticities (0.08 - 1.0). EPA should aso consider the possibility that the
relevant income dadticity islarger than 1.0, as suggested by some international comparisons
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(eg., Liuetd., 1997) and atime-series study in Tawan (Hammitt et d., 2000). Given the
uncertainty in estimates of the income eadticity, it would be prudent to avoid any adjustment.

¢) Adjugting for Lagged Effects. The proposal to discount for any latency before the
period in which mortaity risk would be dtered is conceptudly gppropriate (although this latency
is not clearly defined in the vauation sections). The discount rate should be the same asis used
to discount other monetary vaues (benefits and costs). Since the vaue that should be discounted
isthe future VL, discounting and adjustments for growing red income will partidly offset each

other.

d) Adjusting the VSL for Specific Characteristics of Affected Populations. The Council

has three main comments on this process:

1) Conceptud issues concerning adjustmentsto VSLs for some factors but not
others. Conventiona benefit-cost analysisis based on the identification of
potential Pareto improvements (i.e., the "Kaldor-Hicks criterion” or
"compensation tet”). Straightforward application of the Kaldor-Hicks criterion
implies EPA should account for any and dl individua characteristics that
influence an individud's (or household's) willingness to pay for reduced hedth
risk. To the extent that these adjustments conflict with equity principles (eg.,
because they give greater weight to risks to higher-income populations), To the
extent that these adjustments conflict with equity principles, one may wish to
supplement the benefit-cost analysis with an explicit assessment of the
digtributiona consequences of the policy across different subpopulations defined
by income or other characteristics. Alternatively, one could choose an aternative
to the Kador-Hicks criterion, which would provide the underpinnings for an
dternative to conventiona benefit-cost andysisisareferenceto the VSL
adjustment proposed by Pratt and Zeckhauser (1996). In this case, however, it is
not necessarily appropriate to rely on standard theory to argue for other

adjustments.
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2) Ageand basdinerisk. Whileit istheoreticaly clear that VSL may depend on
age, the magnitude and even direction of any necessary adjustment is uncertain.
Theoretical studies (e.g., Shepard and Zeckhauser, 1984; Rosen, 1999 [CHECK
DATE]; Ng, 1992) suggest that VSL is an inverted-U shaped function of age, but
the location of the peak, and the differences between peak VSL and VSL a other
ages, are both very sengtive to aternative assumptions about discounting and
other factors. Empirical studies have provided little ingght, as many have

included only linear age terms which are dlearly inadequate for extrapolation. The
age-specific factors based on work by Jones-Lee and colleagues, and the
adjustment described in Appendix E, appear reasonable, but there should be
appropriate recognition of the uncertainty about the magnitude of this adjustment.

The proposed gpproach is conceptualy appropriate if age is a sufficient explanation for
differentia sengtivity to ar pollution. If sengtivity is more cdlosdy rdated to basdine mortdity
risk or life expectancy (i.e., younger people in poor hedth may be as sengtive as older peoplein
good hedlth), then an additiona adjustment for basdline risk is gppropriate. This adjustment
depends on whether an individud's high basdline risk is due to air pollution (and so reduced air
pollution will substantialy reduce risk), or to competing risks (so reduced ar pollution will have
alimited effect on risk). In the former case, the individua's WTP for reduced air pollution will
be relatively large; in the latter case, it will be rdatively smdl (Eeckhoudt and Hammitt, in
press). EPA aso proposes to use the assumed relationship between VSL and age to estimate the
VSL for a40 year old from labor-market studies estimating the VSL of workers within an age
range. This adjustment appears to be correct in principle, but is sengtive to the assumed
relationship between VSL and age.

3) Income. The question about when to adjust for differencesin individua
characteristics seems sharpest with regard to adjustments for differences in income. The logic of
adjusting for assumed increases in income over time seemsto imply that VSL should dso be

adjugted for current and future cross-sectiond differences in income. However, such adjusments
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do not appear to be practica, since they would require very disaggregate modeling of changesin
ar qudity and human exposure to air pollution. Moreover, the Council suspects that adjustments
for income would have little effect on estimated benefits, because effects of fine particles, ozone,
and other mgjor pollutants are distributed across broad geographic areas which containing wide

vaiationsin income.

e) Alternativesto VSL. If benefit-cost andlyssisto be conducted in accordance with
conventional, Kaldor-Hicks foundations, the Council agrees with EPA that VSL isthe
conceptudly appropriate method for assessing the benefits of avoided premature mortality.
Alternative measures, such asthe vaue of adatitica life-year (VSLY) or the vaue of a
quaity-adjusted life-year (QALY), are not consstent with the standard theory of individua
WTP for mortality risk reduction. Nevertheless, these adternative metrics have some appeal and
are widdly used to evauate other public-hedth interventions. Hence, the Council suggests that
EPA consder reporting some results in terms of implied cogt-effectiveness (e.g., dollars per life

year).

However, the EPA should be ingstent that such measures are only valid comparisons of
the rdlative desrability of dternative policiesif the physica benefit measure in the denominator
of this caculation exhaugtively captures dl of the benefits from apolicy. Supposean
ar-pollution control regulation resulted not only in avoided premature mortaity, but dsoin
improved aesthetics, hedthier ecosystems, and less damage to buildings and monuments. Then,
assgning the entire cost of the policy only to avoided premature mortaity yidds an
underestimate of the true cost-effectiveness of the policy. If the benefits of apolicy are
heterogeneous, they cannot be aggregeted if left in their natural physical units. Some type of
vauation of the physical bendfitsis typicaly necessary.

f) Discounting future benefits and cogts is conceptually gppropriate and practicaly
important, especidly for programs such as Title VI for which benefits and costs may be grestly
separated in time. Unfortunately, there is substantia uncertainty about the appropriate discount
rate to use. The vaues of 5% (with sengtivity analysis of 3% and 7%) proposed in Appendix B
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are consstent with current recommendations, athough recent work by Weitzman (2001, 1998)
suggests that it may be gppropriate to use different discount rates depending on the period over
which the discounting is applied. The Council supports EPA's proposed choice of discount rates,
but recommends that EPA acknowledge conceptua and practica uncertainties about this topic.

It would be informétive to display low/central/high estimates of al relevant quantities as
afunction of the discount rate used in the analysis. Discount ratesof 3, 5 and 7 arefairly
gandard possibilities. It is often useful <o to plot the time profiles of costs and of benefits,
without any discounting, so that readers can assmilate the intertempora tradeoffs that are being
made with any specific policy choice.

g) AgshmaMorbidity. Inasmal footnote, the Andlytica Plan mentions that asthma
attacks are not being valued per discussions with OMB on the Heavy Duty Diesd rule
Regulatory Impact Andyss. Apparently, OMB has argued that the Rowe and Chestnut (1986)
(NEED FULL CITATION) study should not be used because the sample was smal, the asthma
endpoint was self defined, and the contingent vauation study design is outdated. It is actualy no
older or more outdated than the other CV studies being used to value days with respiratory
symptoms, but it istrue that it was a smadl sample and it was published as an EPA report and in
an AWMA proceedings rather than ajourna. The sample was 65 adults, but payment card
eicitation of WTP was used, which does not require as large a sample size as referendum style
questions.

However, the fact that the endpoint was saif defined by the subjects is a strength of the
study for the purposes of this assessment, not aweakness. The hedlth endpoint we need to vaue
isa sdf reported asthma aggravation, as defined in adaily diary study with apand of asthmatics.
The Rowe and Chestnut study was designed to match this endpoint and was conducted with a
sample of asthmatics who had participated as pand membersin adaily diary sudy. They were
asked to say on a seven-point asthma symptom severity scale-the same one they had been using
in the symptom diary--what was the highest level of symptoms that they would consider a good
asthma day. Bad was then defined for each subject as any day with asthma symptoms more
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severe than that. They were asked WTP questions for reducing the frequencies of "bad asthma
days'. The annud average number of bad asthma days for the sample was 74, which matches
closdly the annud frequency of "asthmaattacks' in the Whittemore and Korn sample.

Emergency room visits and hospitdizations for asthma are captured as other endpointsin
the assessment, dthough they are vaued only with cost of illness (COIl) estimates because WTP
vaues are not available. Such events are not reflected in the asthma panel studies because they
are rare events and seldom occur during the pand studies involving asthmatics who are aware of
their disease and undertake to manage it. The asthmamorbidity pand studies are capturing
day-to-day fluctuations in asthma symptoms, which would be expected to include some days on
which the symptoms are severe enough to restrict activities and perhaps result in missed school
or work, but would aso include many days when symptoms are noticeable but are readily
controlled with treatment and normd activities are undertaken. Developing average COI
edimates per asthma symptom-day will be very difficult with available data, because it will
require an alocation of annua cogts for doctor vidts and medication to individua
symptom-days, and requires some information about the frequencies of symptom-days for the
entire population with asthma, and some informetion of the share of symptom days that result in
activity restriction and missed school or work. However, it is useful to see what can be done to
develop COI egtimates given the limited and undervalued WTP estimates available.

6.2. Valuation of Ecological Effects

Thefirst Progpective Analys's acknowledged that the estimates of economic value for
environmentd effects are not comprehensive. Quantitetive estimates were developed for effects
on commercid forests and recreationd fisheries in the Adirondacks. llludirative estimates are
aso made for carbon sequestration in commercia timber, estuarine eutrophication (Chesapeake
Bay, TampaBay, and Long Idand Sound), forest aesthetics, and toxicity impacts (in the form of
fish consumption advisories) on recregtiond fishing. Vishility aesthetics a nationad parks and
effect of ar pollution on commercia crops are tregted el sewhere, with no sgnificant changesin
estimation methods proposed at thistime.
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The revisions proposed by EPA for the Second Prospective Andlysis, as presented in
Chapter 8 and discussed by teleconference on June 22 and June 25, 2001 are two:

a) Add aquditative discusson of progressin the literature regarding economic vauation
of ecosystem service flows, asthey are impacted by pollution. Work by Bockstael, Costanza, et
d. (1995) and others on the effects of land use decisions on ecosystem service flowsin the
Patuxent watershed in Maryland is an example of collaborative efforts with ecologists and
economigts to mode and quantify the vaue of changesin ecosystem service flows.

b) Consder updating the estimates regarding effects of nitrogen deposition on estuaries,
based on new modeling work currently underway by EPA.

These are reasonable next steps. The Council urges EPA to continue to make progress
toward more comprehensive estimates of the vaue of changesin natura environments achieved
under the CAA. There is agreement among Council members that effects upon natural
environments that are not quantified and monetized will tend to be overlooked and EPA should
take measures to avoid this outcome. There are differing perspectives among Council members
about how best to further the goals, but there is agreement regarding two gods. a) continue the
progress toward more comprehensive environmenta effects estimates and b) effectively
communicate to policy makers the potential sgnificance of environmental effects thet are not
quantified.

Some Council members are comfortable with relatively ad hoc proceduresto develop a
set of place holder numbers to keep the ecological services on the table, at least as a sengtivity
andysis. However, most agree that quantitative estimates presented in the 812 report need to
have firm footing in ecological sciences and economics principles consstent with the
cost-benefit framework. Areas of current research that might suggest ways to develop more
comprehensgve estimates of vaue for changes in ecosystem services include EPA's work on the
Chesapeake Bay and Tampa Bay estuaries (CITATIONS), the U.S. Army Corps of Engineers
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work on the effects of water diversions on the Everglades (CITATIONS), research funded by
the Nationa Science Foundation on ecological services (CITATIONS), and the European
precautionary approach.

Making a distinction between natura resources and ecosystem servicesisan
organization/presentation issue has merit, but these effects result from the same pollution impact
processes and need to be presented together, asis now done in Appendix E in the first
prospective report. There could beimproved darity in the way the terms ecologica effects and
ecologicd services have been used. However, the interconnections between the effects of air
pollutants on natura resources and on ecosystem services needs to be maintained in the
presentation. Appendix E doesthis by starting with adiscussion of the processes by which air
pollutants affect natura systems. Thisis appropriate and could even be expanded. For example,
the processes by which acidification of l1akesin the Adirondacks affect the stocks of fish of
interest to recreationd anglers are part of the same processes by which acid deposition may
impact the quality of ecosystem services. Similarly, the processes by which nitrogen deposition
may affect commercid fisheries are part of the same processes by which nitrogen deposition
may affect the ecosystem services of estuaries. However, merely listing ecosystem services
aongside the commercid and recreationa activities of people does not do justice to the
importance of ecosystem services. They actualy underlie most of the quantified effects that we
would classfy as naturd resources. Therefore, effects of environmental pollutants on ecologica
sarvice flows may be presented as the organizing principle, with effects on commercid and
recregtiond activities being a subset of these.

The Council suggeststhat EPA convene apand to develop a preliminary gpproach to
vauation of the effects of air pollution and deposition on ecological service flows. The SAB
workshop on public vaues for ecosystems addressed va uation issues from various socid
science perspectives. Progress is being made in the literature on the development of an
appropriate conceptua approach for vauation of incrementa changes in quality/quantity of
ecosystem services, but further conceptua and empirica work is needed in the physicd sciences

and in the socid sciences before even a conceptua approach for the 812 andysis could be well
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defined and accepted by the various disciplinesinvolved. Empirica work to implement would
then be needed. The panel might start with a case study such as the effects of nitrogen deposition
on the Chesgpeake Bay estuary, which is dready included with partid quantification in the 812
andyds.

While this primary research and andysis effort is underway, EPA may be ableto
develop waysto present partidly quantified information on changes in environmenta quality
achieved by the CAAA to more effectively communicate what we can say about progress toward
protection of ecosystem service flows under the CAAA. For example, maps showing differences
in deposition with the CAAA and without, such as those included in the air quality modeling
gopendix of the First Progpective Andyss, are very informative. It may be possible to overlay
this information on changes in environmenta quality with information on the locations of

sengtive and at risk resources or ecosystems.

42



© 00 N o o~ W DN P

W N DN N DN DN N NN DNMNDN P PP PR R
O © 0o N oo o A W N P O O 0ON O O D W N - O

July 27, 2001 DRAFT: PLEASE DO NOT CITE OR QUOTE

7. ASSESSMENT OF COSTS

The Council appreciates that the EPA understands the distinction between the direct costs
of ar qudity regulations and their broader socia cogts. Thefirgt section in this chapter briefly
reviews the EPA's plans for measuring the more obvious direct costs. The second section tackles
the thornier problems of (&) tracking and measuring the wider socia costs of regulation
semming from the propageation of regulatory impacts throughout the economy via
interconnected markets, and (b) accounting for incumbent distortionsin the alocation of
resources (due to pre-existing taxes or non-competitive behavior) and the role of these

digtortions in aggravating the additiona losses from ar qudity regulation.

7.1. Direct Costs

For direct cogts, the first progpective andyss used the Emission Reduction and Cost
Anayss Modd (ERCAM) for non-utility sources and the Integrated Planning Modd (IPM) for
utilities, with results converted into total annudized costs (TAC) in 2000 and 2010. The
andytical plan proposes similar procedures for the second prospective andysis, but extending to
2020, using athree percent discount rate, incorporating new regulations and cost estimates, and
disaggregating by Title and State. The plan seems gppropriate, although some minor questions

reman.

a) The descriptions of the models are brief, so it is difficult to tell exactly what they do.
One can assume they are an accounting framework for direct costs of added scrubbers or other
pollution control equipment, plus the cogt differentia for purchase of low-sulfur fud, etc. To
what extent do they capture the cost of upstream "process changes' to reduce pollution, rather
than just end-of-pipe pollution control equipment to deal with it once it has been created?

b) The Pand encourages the 812 Project Team to consider econometric estimation of
costs (such as Carlson, Cropper et d., 2000; Morgenstern et d.; 1998, Barbara and McConndll,
1986; and Barbara and McConnell, 1990), both because econometric models can capture the
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cost of process changes and because they can provide vauable error bounds, at least conditional
on the gppropriateness of the estimating specification.

¢) It is possible that some of the observed direct costs may not be "necessary” to comply
with the CAAA, if managers mistakenly spend more than necessary or because they intentionaly
spend more than necessary to achieve other (non-CAA) objectives. However, itislikey that
competitive pressures will act, sooner or later, to provoke cost-minimizing behavior, subject to
the condraints of regulation.

d) There is some question about how the models capture fixed cogts, especidly with
growth over time. How many additiona plants are assumed and what are the additiond fixed
codis, relative to the margina codts of these additiona units?

€) Concerning mobile source cogts (especialy for zero emission vehicles) there appears
to be some discussion about incorporating learning effects in the cost estimates based on
Morgenstern et d. (1998). Was this the only place learning was incorporated? It is not clear that
the proposed andysiswill actudly reflect alearning curve effect.

For vehiclesin ingoection/maintenance arees, thereis no indication that the "time
burden”" of these regulationsis being captured. The out-of-pocket cost of a vehicle inspection
underestimates the cost of the program because it neglects the opportunity cost of time for the
vehicle owner. These opportunity costs may swamp the out-of-pocket costs. The out-of-pocket
cost of avehicle inspection can be swamped by the opportunity costs of time for many
higher-income drivers, and the time-costs are non-zero even for most low-income drivers. To
assume that the time costs of this regulation are zero will bias downward the cost estimates of
these programs. To the extent that ingpection/maintenance programs for stationary sources dso
divert resources of the firm being ingpected, these costs will dso be understated. What is being
done about imputing these implicit costs of such programs?
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The two mogt visible hybrid vehicles, the Honda Insght and the Toyota Prius, are
currently in short supply, with consumers willing to wait severd months for ddivery of a
vehide Thereisrdatively little discusson of these technologiesin the Blueprint. 1t has been
suggested that the sdlling price of these vehicles is vastly subsidized by the manufacturersin
order to sl enough vehicles to generate customer acceptance and familiarity. It isnot clear
when hybrids (or true zero emission vehicles) will trade at market-clearing prices that reflect
their margind cogts of production (namely, under competitive and efficient conditions). How
does the analysis propose to ded with these complications in the nascent market for
dternative-fud vehicles? Or isthe problem of dternative-fud vehicles and their market
idiosyncracies sufficiently smal over the next few decades that it does not warrant being
addressed?

f) To what extent have the ERCAM/IPM cost estimates for non-utility point sources been
compared with the Morgen stern et d. [NEED FULL CITATION] estimates? A number of other
cost studies have aso been done, likewise using econometric andysis with the Census plant
level data. An effort to compare the results from these econometric cost models with the
ERCAM reaults (for approximately comparable control conditions) would help in developing an
evauation of the potential sources of error and associated uncertainties in the cost estimates.

€) The datafrom the new Pollution Abatement and Control Expenditures (PACE) has
been collected but not as yet analyzed (contrary to Statements at the meeting). |sthe Agency

planning to use this resource?

f) Codts of reducing emissions (ERCAM and IPM). Asapoint of clarification, it would
be helpful to know whether margina abatement costs are assumed to be constant, or to increase
over time and with the current level of abatement. For IPM, for example, successive reductions
by retrofit of existing plants with new technology would seem to involveincressing MAC. For
new plants with new technology, it is possible that margind abatement costs could be very high
indeed. Indl cases, it would seem that margind abatement costs would depend on the
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technology in place and the extent to which some abatement has dready been achieved. How is
this handled, for forecasts that run decades into the future?

7.2. Estimating Overall Social Costs

The Coundil finds that the Andytical Plan does not contain a sufficiently thorough
rationde for the use of a CGE modd in the Second Prospective Analyss. The reasons for using
a CGE modd can be listed and discussed here.

Firg, a CGE modd can alow feedback effects from policies to relative prices of goods
and factors of production, which can lead to re-alocation of resources between sectors, which is
important if some sectors have higher emissons than others. The Andytica Plan does not
contemplate usng a CGE modd in thisway, however. The Retrospective Analyss used the
Jorgenson-Wilcoxen CGE modd for this purpose, but the Blueprint indicates thet this will not be
done for the Second Prospective Analysis. Instead, a CGE will be a post-processing tool.

Second, even as a post-processing tool, a CGE model can be useful to estimate the
difference between direct costs and social costs. Differences arise any time market prices
deviate from socid values. However, the mgor such deviation would arise because of
pre-existing taxes or pre-exiging regulaions. But the Andyticd Plan explains that EPA does
not intend to include tax interaction effects. It isnot clear why one would want a CGE mode
without tax interaction effects and non-separable measures of the effects of air pollution on
preferences. The Anaytica Plan does not indicate for what other reason socid costs might be
expected to deviate from direct costs using market prices (e.g. the cost of scrubbers, the cost
differentid for low-sulfur fud, etc.).

Third, a CGE modd can include productivity-linked benefits (e.g., avoided hedth
effects), but a CGE mode is not required to be ableto do so. The Andytica Plan mentions that
the Jorgenson/Ho/Wilcoxen modd might include such effects. That modd includes
tax-interaction effects and so would be particularly vauable to use for the Prospective Analyss.
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However, it does not alow for spatia differences in emissons and the effects of air pollution on
preferences through the hedth impacts.

Fourth, a CGE mode can predict sectora effects, regiond effects, employment,
investment, and many other outcomes of policy. But it isnot clear how those outcomes would
be employed in arriving at the bottom line, an estimate of the total cost of the CAAA.

It is thus reasonable to question why the plan contemplates usng a CGE modd &t al.
The Council would like to see a CGE mode used to do dl of these things, but the contemplated
use of CGE models would not encompass the first objective. And the plan does not explain its
godsfor the fourth objective.

The descriptions of the models that might be used for the fourth objective vary widdly.
The modeds were designed for different purposes, under different beliefs. One cannot choose
among them before making some basic decisons. what isit that EPA istrying to accomplish by
the use of aCGE modd? Isit necessary to measure effects on growth, for which adynamic
mode is crucid? Doeslabor supply vary sgnificantly (or isit sufficient to useasmpler
fixed-labor modd)? |Is capita internationally mobile (such that it is possible to fix the
world-wide rate of return)? Isthe U.S. economy open, like each of the regiond models?
Probably far less so, meaning that the sum of the outcomes of any complete set of regiond
models will not be the same as the collective outcome for the whole United States.

The Andytica Plan needsto be clear about whét is the question that the EPA istrying to
answer. Only thenisit possible to discuss the appropriate tool to answer that question.

As an asde, the Council notes an apparent error in quotes of prior SAB advice that the
"tax interaction effect is 1.25 to 1.35 times any increase in direct costs.” The 1.25 to 1.35 range
was meant to be a range on the approximate central estimate, rather than a set of confidence
bounds on the individual vaues corresponding to any particular context. 1t would be more
accurate to say that "the central estimate is about 1.3 times direct cogts, but heterogeneity and
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uncertainty mean that the best factor to use might be 1.0 or lessin some cases, or 2.0 or morein
other cases” Without consdering the sectoria composition of the regulations and the existing
structure of taxes it would not be possible to select avalue.

The Council recommends that the EPA recongder its decision concerning the tax
interaction effect in the Second Progpective Andyss. These effects are actudly fairly
well-understood. What "economigs are il exploring” is not the existence of the tax interaction
effect, but its specific magnitudes under different circumstances. The Size of the effect depends
on whether capitd isinternationaly mobile, for example, so it will differ for different countries
in different years. It also depends on the sze of the different eladticity parameters for particular
industries with particular regulations deding with particular pollutants. Different studies get
different answers because they study different circumstances, not because they disagreein
fundamenta ways.

The Andyticad Plan identifies the primary objective of the CGE andyss asinvestigaing
the second-best effects of tax related distortions (see p. 48). These models incorporate a number
of different assumptions from EPA's separate cost-calculaion enterprise. The discussion in the
Blueprint focuses on choice of an appropriate CGE modd, rather than on how it would be used,
once selected. The Council requested some clarification prior to the July 9-10 mesting, but the
EPA response to the question focused on growth effects. Differences across CGE modesin
their assumptions about (or trestment of) factor prices, and the manner in which they introduce
abatement costs (e.g., contrast Jorgenson-Wilcoxen and Hazilla-Kopp) are not discussed. These
differences can be important to the utility of these modelsin assessing the economic impacts of
the CAAA.

In any CGE modd, incorporation of non-separable environmenta effects on consumer

preferencesis essentid if the CGE-produced cost estimates are to be consstent with the
assumptions underlying the separate benefits esimation. This would require:
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a) modification in cdibration procedures used for basdline year (to be consstent with air
quaity conditions); current calibration practices set alocation parameters so the basdline
solution matches the expenditure and income flows. With non separable pollution in
preferences the caibration must dso match the emissions and ambient concentretions
that drive find demands for hedth related goods and services;

b) introduction of spatia resolution into CGE models; currently spatial delinestion is
nonexigent in the existing CGE modds, thusthereis no basis for distinguishing the

effects of different amounts of air pollution for different individuds.

[COULD USE A LITTLE ELABORATION...]
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8. UNCERTAINTY ANALYSIS

A more explicit and thoughtful treetment of uncertainty is one of the mgor advancesin
the proposed Second Prospective Andlysis. In its previous sudies, EPA implicitly assumed a
grester degree of certainty in its estimates than was judtified. Showing the uncertainties
explicitly will give decision-makers a better idea of what we know. Since current confidence
intervals will be large, the Council's expectation is that decison-makers will then ask for the
most codt-effective ways of reducing uncertainty. This will sharpen the focus of research and

improve the efficiency with which research resources are dlocated.

8.1. General Comments

The Council recommends that the EPA digtinguish three varieties of uncertainty: a)
unmeasured variability; b) modd uncertainty; and c) unpredictable policy-implementation
choices. Thefirg variety includes things like the day-to-day variability in emissonsor in
ambient air qudity levels from hour to hour. Examples of modd uncertainty include the
question of which air pollutants cause premature mortdity at current ambient levels (Hazardous
Air Pollutants, PM 10, PM 2.5, Ozone, Carbon Monoxide, Nitrous Oxides, or others), or, the
lack of resolution about the true form of a particular exposure-response relationship (it may not
actualy be proportiond). Examples of unpredictable policy-implementation choices include the
question of whether New Source Performance Standards, or other policies, will be actively
enforced.

Variability, thefirg variety of uncertainty, should properly be treated within a Monte
Carlo framework. Some degree of modd uncertainty can aso be treated within this framework.
The rest-the policy implementation uncertainty should be handled by "conditiona probability” or
"scenario” modes. This framework presumes a posterior probability dengity function (pdf) that
is conditiona on a particular mode or policy. For example, what is the posterior probability
densty function for the resulting hedlth effects (e.g., the pdf for the number of
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premature deaths. given a proportiona exposure-response function? Similarly, what isthe
posterior probability dengity function for the same effects given that current emissons
regulations will be enforced srictly?.

The previous two 812 studies gave short shrift to the second or third varieties of
uncertainty. The current study should do a better job. One example may help. Estimating the
benefits of HAP abatement is problematic primarily, because of modd uncertainty . Conditiona
forecasts (scenarios) can make the model uncertainties explicit in developing both point and
interva estimates for the likely benefits from HAP abatement for each plausible
exposure-response relationship.

For benefit and cost estimates, the central estimate and range (i.e., low and high) are
informative only when the procedures used to compute them can be documented with reference
to some datistical modd (e.g., error attributed to the estimation process) or another systematic
process identifying the sources and magnitudes of variaions in the parameters and variables
contributing to these benefit or cost estimates.

Uncertainties in the cogts of abatement in response to aregulation can differ ex ante and
ex pod. In evauating a progpective regulation, the EPA often relies on the presumption .that
exigting technologies will be used and that their costs will remain fixed. However, if flexibility
exigsin implementing a regulation, the regulated entity is likely to find lower-cost methods of
compliance, ether through using other technologies or changes in practice, or through a
reduction in the cost of the existing technology through learning effects
or scae economies.  Frequently, the EPA engages in explicit technology forcing, as with
automobile emissons regulaions. When technologies are available, companies find much
chegper ways of complying, aswith sulfur dioxide abatement under the 1990 CAA. After the
fact, it can be dl but impossible to isolate the true increased costs of aregulation. For instance,
what has been the cost of the 1970 CAA automobile emissions standards? At best, this cost
uncertainty can be quantified by specifying a probability dengty function. In most cases, the
probability density function will cover awide range. However, thiswill be the best indication of
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current uncertainty. The influence of sdlected componentsto the cost estimates, rather than a
full amulation andyss, may be more informative. [DO WE STILL CONCUR ON THISLAST
POINT??]

The benefits of aregulation are subject to Htill grester uncertainty. For example, the
specific pollutants that are responsible for premature mortdity are not known with certainty.
Aredl typesof PM 2.5 particles equally toxic? Are current levels of carbon monoxide or
benzene harmful? As ambient concentrations fall, there is congderable uncertainty about the
additiond hedth benefit of further abatement. A further uncertainty concerns the identities of
the susceptible populations and how susceptible they actudly are. Age didtributions are not
congtant across areas, and this factor can affect the expected benefits from air quality
improvements. In many cases, the uncertainty extends to whether thereis any additional benefit

at dl (eg., the case of for lowering exposure from current levels to some HAPS., ).

The Council commends EPA for moving to ded with uncertainties explicitly. We advise
them to dedl explicitly with dl three types of uncertainty identified above. The First Progpective
andysisinnovated by including mechanistic/Monte Carlo congtruction of uncertainty estimates
for benefit measures. However, the Second Progpective Analysis can expand uncertainty
andysis beyond this point with the objective of identifying much broader sources of uncertainty.

The Council recommends that transparency serve as the basic guide for the uncertainty
andyss. In practice thisimplies identifying the components of the benefit and cost measure,
specifying how the elements leading to a benefit estimate or cost were atered to reflect

uncertainty -- whether different basdine conditions were consdered, functiona forms, Monte

Carlo amulations or scenario to describe related policy initiatives.

The structure could be outlined in a series of tables describing each of the following:

Basdine and Policy Condition
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Air Qudlity Modding

Modeling of Physicdl Effects/Risks

Economic Vduation of Outcomes

In each category the assumptions, potential source of uncertainty and its treetment in the
uncertainty anaysis could be described.

8.2. Air Quality Modedling and Emissions Consider ations

No matter what approach is adopted for assessing uncertainty, it isimperative that the
intermediate air quaity mode outputs used as inputs to the cost-benefit analysis be compared
with actua measurements following modd evauation protocols, such as briefly outlined in
Section 4. In designing the comparisons, it should be noted thet it is possible to 'validate an
ozone model using actua maximum eight-hour concentrations and then to gpply the validated
model to an assessment of crop damage that uses an entirdly different ozone datistic. Similarly,
it is possible to assess modd performance for long-term PM levels using IMPROVE data to
apply the modd to long term predictionsin urban areas. However, the limitations of these
comparisons definitely need to be clearly stated.

There are three possibly-reevant scenario features that are not specificaly addressed in
the Analyticd Plan. Some quditative statement of the uncertainties associated with their

omission would be appropriate.

a) Climate Change Specificdly, the scenarios for future sulfur dioxide emissonsimply
reductions in the cooling effect of sulfate aerosol. To the extent that this happens, it will y
impact predictions of globa warming. There were substantia debates about this at the
Intergovernmenta Panel on Climate Change (IPCC) meetings prior to the Pandl issuing its report
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(i.e., what emission scenario should be used?). Perhaps some wording can be borrowed from
that report to describe this uncertainty.

b) Wildfireimpacts. Aswe gpproach thiswildfire season, there is a greet ded of
discussion about the health impacts of these events. There is some discussion about claiming
prescribed burning as a control measure. If thisis donein the context of the CAAA, it should be

recognized.

¢) Supplementd diesd power: Many indugtrid facilities are exploring or adopting the
use of supplemental diesd equipment for on-Site dectricity generation. These sources gppear not
to be regulated in the same way as traditiond eectricd generating units, but they can potentialy

produce substantial amounts of PM and nitrous oxides.

Findly, the AQMS supports the use of a Monte Carlo method to estimate the high and
low benefit/cost estimates provided that the underlying distributions can be rdligbly or
meaningfully congtructed. If EPA has high enough confidence that such distributions can indeed
be identified, the Monte Carlo gpproach will conditute a significant improvement over the
approach used in the First Prospective. In Chapter 9 of the Andytica Plan, it is suggested that
the high and low estimates be defined by the 90 percent confidence limits. But in Chapter 10,
they were defined as the 95 percent confidence limits. Substantialy more random events will
have to be generated to secure adequate resolution on a set of 95 percent confidence limits.

8.3. Mechanics of Monte Carlo Simulations

Chapter 9 of the Draft Analyticd Plan ligs three dternative uncertainty andyss
drategies but appears to identify the third one (Probabilistic Simulation) solely with Monte Carlo
gmulation methods (page 9-2). EPA should be encouraged to investigate computetionally
efficient dternatives to traditiona Monte Carlo gpproaches, with optimized
sampling/aggregation Strategies such as efficient LHS (SPELL OUT ACRONY M) dgorithms,
stochastic response surface methods, and high-dimensional mode representation methods.
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In the Monte Carlo smulations, comprehensive error distributions around central
estimates of net benefits will be generated by specifying distributions for key variables and
parametersin al components of the analys's, based on subjective (or expert) judgment. Plugged
in to these models, the most likely vaues of these variables and parameters can be presumed to
generate the most likely vaues for benefits, costs, and net benefits. But since each ingredient in
these calculations is characterized by some degree of uncertainty, alarge number of random
draws can be made from the set of distributions that quantify these uncertainties and the
researcher can build up a sampling distribution of possible forecasting outcomes.

It was not clear from the description how the ranges of vaues for parameters (or
variables) would be developed. What functiona forms will be assumed for the distributions of
the uncertain quantities in these forecasts? EPA should reflect current expert judgment in
choosing an appropriate probability density function to characterize each type of uncertainty, as
opposed to adopting just convenient uniform or normal distributions as default assumptions. I
more complicated distributional assumptions are cdled for, recdl that the probability integra
transformation alows one to convert a uniform random varigble on the 0,1 interva into any
arbitrarily specified univariate digtribution. An easy normd distribution will be appropriate for
some uncertain qudities, but not for al. In some cases, the quantity must be drictly
non-negative to be plausible. For these, the error might be assumed to be multiplicative and

lognormal, with an expected vaue of one.

A mgor dimenson of uncertainty is the non-independence of variables. It isnot
goparent in the Draft Andytica Plan whether the 812 Project Team will consider the possibility
that at least some of the uncertain quantitieswill be correlated. The Monte Carlo approach
described in the Draft Andytica Plan does not take account of the potentia for inconsstencies
among the sats of vaues randomly drawn from each varigble in the cost models, for example. If
oil pricesrise, natura gas and coa prices are dso likely to rise. Inconsstencies can dso arise
because the vaues are technicaly related (e.g., a heat rate for aBTG unit is associated with a
scde and fud type; some values may be incongstent outside specific ranges). Or, they can

result because the variablesin question are ajoint result of some optimization process. If a
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subset of forecasted variablesis uncertain but corrdated, smply taking independent random
draws from the assumed margind distributions for each variable can lead to an incorrect
digtribution for afunction of these random variadbles. Asasmpleilludration, if two random
variables are pogtively corrdated, the variance of their sum will be underestimated if their

corrdation is erroneoudy assumed to be zero.

If ajointly normad distribution is needed (perhaps for the logs of a correlated set of
grictly non-negative variables), then a set of independent draws from a standard normal
digtribution can be combined with the Cholesky factorization of the covariance matrix assumed
for the joint normd digtribution to produce jointly normally distributed random varigbles with
specified variances and covariances. This can be combined, to good effect, with the assumption

of lognormal/unit-mean margind digtributions and multiplicative errors

Incidentaly, there should be some concern about the Monte Carlo analys's concerning
the value of adtatidicd life. The Council advocates that the EPA employ existing meta-analyses
concerning the appropriate VSL to usein its analyses, or that it conduct its own meta-anayss.
However, if, for example, the set of 16 studiesidentified in Appendix D is actualy to be used, a
procedure that samples randomly from the 16 point estimates in this set will miss the uncertainty
associated with each of these point estimates. It is not clear from the report in Appendix D
whether each one of these 16 studies reports an interva estimate to go with its point estimate of
the VSL. If they do, thisinformation (at a minimum) should be incorporated into the assumed
digtribution for the "true but unknown" VSL before these 16 point estimates are employed for
the Monte Carlo andlysis. But none of these modd-dependent interval estimates captures the
additional basic uncertainty about the appropriateness of the specification that has generated it.
Furthermore, there is no guarantee that the independently calculated VSL point estimates from
sudiesin 16 different contexts should be expected to represent the distribution of possible VSL
estimates associated with the precise contexts in question for the CAAA.

8.4. Uncertaintiesas They Relateto Estimates of Health and Ecological Effects
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In Table 9-1 of the draft Analytica Plan, under "No quantification of hedlth effects
asociated with exposure to air toxics', the "Likdy Significance” indicates a " potentidly mgor”
ggnificance. Thisisclearly not the case for carcinogeness, as was amply demondrated in
Council'sreview in the Retrospective andlysis. Even when using the highly conservative risk
estimation procedures based on IRIS data, there were no credible estimates for a significant
cancer risk inthe U.S. population. The document should either conclude that the cancer benefits
of Title 11 are negligible, or provide an upper bound risk estimate with a note explaining how
conservative that estimate islikely to be, and flag that uncertainty as part of the 812 Andysisfor
at least one HAP . However, the concerns about the unknown risk for adverse hedlth effects
such as neurotoxicity, reproductive toxicity and developmenta toxicity should be retained until
better databases become available for these HAPs.

We are now at ajuncture where EPA can test the performance of the 1990 to 2000
projections againgt with actual emisson changes, and actua cost incurred by various sectors or
CAAA titles to reduce emissions. We may even see the adverse impact on mobile source
projections due to vehicle emissons caused by the growing popularity of sport utility vehicles.
The uncertainty anaysis would be significantly strengthened by this type of vadidation.

The Council also recommends that a separate section be devoted to uncertainty with
respect to commercidly exploited natura resources and non-market ecologica service flows.
These uncertainties, especialy with respect to the benefits of the CAAA for non-market
ecologica services, have higtoricaly been assumed to be extremely large and unquantified.
Neverthdess, their potentially sSgnificant role in determining the overall benefits and costs of
adjusments to the CAAA warrants their inclusion in dl anayses on as equd afooting as
possible. If imprecison in their measurement is alowed to result in recognition only asa
footnote or a parenthetical notation, casua observers may mistake their contribution as zero. In
the absence of concern for ecologica benefits of the CAAA, one Council member has wryly
observed that the Agency looks more like the Human Hedth Protection Agency, rather than the
Environmenta Protection Agency.
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8.5. Proposed Strategy for Capturing Uncertainty in VSL Estimates

The Draft Andytica Plan proposes to capture the uncertainty in the value to be used to
monetize adatigticd life by Monte-Carlo sampling from the digtribution of the 16 "credibl€e"
VSL dudiesidentified in Appendix D. However, these 16 studies do not purport to be measures
the VSL under identica conditions, inidentica contexts. It is il very likely that the observed
differencesin point estimates across these sudies are due, & least in part, to differencesin the
choice scenarios faced by individuas in each sample. Ideally, what would be needed for the
Monte Carlo andyssis a st of random draws from the true digtribution of the VSL for this
particular context (relevant to the money/premature-mortdity tradeoffs that are implicit in the
presence or absence of the CAAA regulations). The"right” VSL estimate corresponds to the
correct context, and may not coincide with the average context (or, therefore, with the average
VSL) inthe set of studies used as references.

The 16 point estimates for VSL aso do not convey the degree of uncertainty in each
individual estimate. The averaging of these 16 independently generated point estimates ought to
take into account the standard errors of these point estimates. Even these errors, however, will
not capture possible errors due to misspecification, so they will not provide comprehensive error
bounds.
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9. RESULTSAGGREGATION AND REPORTING

9.1. General Comments

The Council's judgment concerning the role of disaggregation in the Second Prospective
Andysis requires firg reviewing the dimensons aong which the EPA might atempt to
disaggregate this benefit-cost analys's, and the reasons why each type of disaggregation might be
dedrable. One should begin by defining the "aggregate’ result asthe find summary vaue of net
benefits (or, amilarly, a sngle benefit-cost ratio for the entire CAAA). Some of the different
dimensions dong which the analysis could be disaggregated could include:

a) examining total benefits separately from total costs
1) disaggregating benefits by Title of the CAAA, by politicd jurisdiction, by
arrshed, by urban/rurd, or by sociodemographic group, or by health endpoint or

ecologica endpoint, etc.

2) disaggregating costs by Title of the CAAA, by politica jurisdiction, by
industry/sector, by investors/consumers, by pollutant, etc.

b) consdering net benefits (benefits minus costs)

1) exploring incidence of net benefits by jurisdiction or by airshed/watershed

2) exploring incidence of net benefits for types of individuds (e.g.
urban/rurd, rich/poor, etc.)

The presentation should continue to show these components of benefits as was donein
the first prospective report.
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Disaggregetions of type (a) are descriptive. They are helpful for developing aclearer
understanding, among the audience for the report, about the mgor components of the total
benefits cdculation. For example, avoided premature mortdity benefits accruing to the derly
represent the lion's share of tota benefitsin the First Prospective Analysis. Disaggregeation by
health endpoint and sociodemographic group reved s this important understanding about the
overadl benefits andysis. Since aggregate benefits are assembled from these assorted component
bendfits, it is not too difficult for the Analysis to discuss these substantial components.

In contrast, disaggregations of type (b) alow usto consder the incidence of net benefits
derived from these regulations that implement the CAAA. Thistype of disaggregation reveds
the digtributiona consequences of the programs involved. Knowing that acertain region or
group enjoys large benefits from the CAAA means something very different for their overdl
welfare according to whether they aso bear a huge share of the cogts, or whether they bear only
asmal share. Disaggregation of net benefitsis amore chalenging task than the separate benefit
or cost disaggregations of type (a). Itisrarethat dl of the benefits and dl of the costs, even for
very specific ar quaity regulaions, will accrue entirely to the same st of individuals. More
typicaly, the benefits will accrue to one set of individuals and the costs will be borne by another.
The two groups may overlap to some extent, but need not overlgp much a dl. When thereis
incomplete overlap, aprogram or regulation involves redistribution, which means there may be

equity questions. The sector disaggregation, described in Section 3.1.a of this Advisory isatype
(b) aggregation.

9.2. Title6

The Council agrees that the benefits and cogts of Title VI should be disaggregated from
other Titles, because the interactions between effects of Title VI and other titles are limited (e.g.,
the actions taken to reduce emissons of ozone depleting substances are largely independent of
those taken to comply with other titles, there is limited interaction among ozone depleting
substances and other atmospheric constituents influenced by the CAAA), and because andysis
of the benefits of Title VI requires amuch greater time horizon.
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9.3. Disaggregation of Benefits (Without Consider ation of Costs)

Disaggregation of the benefit results, by category of effects (e.g., morbidity and
mortality), has been very helpful in First Prospective Anaysis. It helped both to darify the
sources of gains and to highlight areas where uncertainty in benefits estimates could be
especidly influentia in determining the bottom line. 1n addition, however, it would be desirable
to consider atwo-way disaggregation of benefits by both pollutant and effect (e.g., effects of
nitrogen oxides on human health and through water deposition as nutrients on estuarine
resources). These types of effects, of course, are dready the building blocks of the overdl
aggregated benefits measures that the Second Prospective will report as the bottom line. Why
not make them it more explicit in the report?

It isvery important to have some more-specific mechaniams to dedl with the potentia
for jointness (nonseparabilities) between the effects of pollutants. The incrementd effect of a
unit of pollution on one particular health endpoint may depend upon the individua's current
hedlth status and upon the burden of other pollutants borne by the individual. The effects of
different pollutants on any one hedth endpoint are unlikely to be entirely linear and additively

separable.

An evauation of the fundamentd jointness between morbidity and mortaity losses
would aso be desrable. For example, are utility losses attributed to chronic obstructive
pulmonary disease (COPD) in find stages of life directly incorporated into the vauation of risk
of premature degth from these causes? Few instances of mortdity from air pollutants do not
include an associated pre-death period of morbidity. Recent research in non-market vauation
suggests people do consider quality-of-life and trangtion to deeth in evauating their tradeoffs
for risk increments (e.g., Desvousges et a., Canadian studies, Cropper et d., and Johnson et dl.,
for smoking [NEED FULL REFERENCES)).

Disaggregation of ar quality improvement effects (in terms of hedlth endpoints) for
different regions or demographic groups should be structured to provide "cross-checks' with

61



© 00 N o o~ W DN P

W N DN N DN DN N NN DNMNDN P PP PR R
O © 0o N oo o A W N P O O 0ON O O D W N - O

July 27, 2001 DRAFT: PLEASE DO NOT CITE OR QUOTE

available data about the digtribution of these endpoints in the population. The EPA should
employ ether actua measures or estimates of the overal number of cases being observed in
U.S. asawhole, and in specific states or regions. This suggestion is relevant true for dl
intermediate physica measures of ar quality effects, aswdl as for the projected changesin air
quality themselves.

The Draft Andyticad Plan proposes to use interpolation of point estimates [OF WHAT,
IN WHICH YEARS?] to construct an aggregate present value (over a specified time period).
However, when only a smple time trend determines the differences[IN WHAT?7] with each

year, itisnot clear what is gained by this srategy.

9.4. Disaggregation of Costs

The Council observes that there is occasiondly inadequate information in the anaytica
plan to dlow it to suggest how the Second Prospective Analysis should undertake cost
disaggregation.

a) It appearsthat cost analysis for point sourcesislargely based on the equivaent, in
neoclassica economic terms, of a static model with constant returns to scde, so that new
environmenta regulations smply shift up unit cogts of production. The discusson on pages 4-1
and 4-2 of the Draft Andytica Plan seem to suggest ERCAM (for non-utility point sources) has
both capital and operating costs measured per ton of emissions controlled. 1t is not clear whether
thisiscorrect. Doesthis assume that emissons are (for agiven leve of control) a constant
multiple of output? How do scale effects enter this approach? Are there differences|[IN
WHAT] for different fud mixes? Both could imply nonseparabilities between production and
abatement activities.

b) The CGE work of Jorgenson-Wilcoxen incorporates non-neutral technical change.
The Council is concerned about inconsistencies here. The Jorgenson-Wilcoxen andysis also had

consigtent treatment of factor prices and progressive growth in capacity in each sector.
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It appears from the description that ERCAM and IPM trest the cost asindividua "snap
shots' within a gtatic framework, rather than as processes that evolve in response to regulations
and the resulting adjustments in factor prices. It may be important to clarify the distinctions
between the ERCAM/IPM modes and the CGE models. We could easly attribute the difference
in costs between the ERCAM/IPM model and the CGE resultsto [WHAT KIND OF] distortions
when there is more going on than is captured by the ERCAM and IPM models.

Cons stent geographic disaggregation would not be served by smply attributing pollution
abatement cogts to establishments where the productive capacity assumed responsible for
emissonsislocated. The difficulty arises because these establishments are often part of large
multi-gate or internationd firms. Cogtsincurred in different locations are trandated into higher
prices and potentialy lower profits. The higher prices are experienced in the locations where the
firm's products are sold and the lower profits by the investors with ownership interestsin the
firm. To adequately measure the disaggregate costs we would need to consistently account for
al these price and income effects a the household leve, aggregating them aong with the
beneficid effects experienced by each of arepresentative set of householdsin each region.
When these were aggregated to aregiond leve the result would offer a consstent picture of
disaggregate net benefits. Other approaches will be subject to biases of unknown direction.

9.5. Disaggregation of Net Benefits (Benefits minus Costs)

Information about the digtribution of net benefits will invite questions about the
distributional consequences of the CAAA. Most economists are extremely hesitant to wander
into discussions of fairness or equity. However, benefit-cost andysis itself makes default
assumptions about equity that need to be kept in mind. Formal benefit-cost analyss typicaly
presumes a Benthamite (utilitarian) socid welfare function, with equa welfare weights on eech
individud's utility level. Thereisdso a presumption that the margind utility of incomeis
condant acrossindividuas. This st of assumptionsis only one of anumber of dternatives.
Arrow's Impossibility Theorem proves that there is no single socid welfare function that can
smultaneoudy exhibit the full set of properties that would be desrablein asocid wefare
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function, so any one that we pick will be acompromise. Just because economigts have typicaly
preferred the particular socid welfare function that leads to conventiond benefit-cost analysis
does not mean that thisfunction isthe "right" one. It is merely convenient.

The fundamentd building blocks for any socid welfare function, however, are usudly
agreed to be individud utility functions. The benefits (or cogts) to any sngle individua of some
change in conditionsis, in principle, measurable by the trade-offs he or she would be willing to
make, typicaly between dollars (usualy, income) and the leve of the environmenta public good
in question--in thiscase, ar quaity. If anindividud's willingnessto pay for achangein the
level of an environmenta public good exceeds what he or she will pay for it, the provison of
this good creates pogitive net benefits for thisindividud.

The question of the incidence of the net benefits of an existing st of regulaionsisa
positive question (a matter of fact). Some regulations can indeed have differentid incidence
across regions (or groups) and that accurate knowledge about these differentials may be helpful
to policy-makers who must weigh the gains to the winners againgt the losses to the losers and
meake an authorized choice on behdf of usal.

The problem of measurement is a compelling argument againgt disaggregation of net
benefits to assess differences in regulatory incidence across regions or groups in society.
Unfortunately, it will typicaly be avery compdling argument in the case of ar qudity
regulaions. Itislikey to be technicaly infeasble to determine with sufficient precison the
benefits and costs accruing exclusvely to different regions or groups as aresult of current or
proposed regulations. Identifying the beneficiaries of improved air quality may be a reasonably
tractable problem. If one can determine air quadity in a designated region, with and without a set
of ar quality regulations, then the residents of that region will be the st of individuds that
enjoys the human hedlth benefits of the program. If the services of the affected ecosystemsin
the region aso accrue only to these same people, then the benefits can be reasonably well
demarcated.
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However, as discussed in the preceding sections, the costs of improved air qudity in this
same region may be much more difficult to identify. Firms often believe thet the cost of arr
quadlity improvements comes "out of their pockets.” In redlity, these costs are typicaly passed
on, in whole or in part, to the consumers of that firm's outputs, and the rest is absorbed by the
firm'sinvestors. The incidence of increased regulatory costs, across consumers and investors, is
determined by the dadticities of demand and supply in markets for this firm's output.
Furthermore, there may be significant genera equilibrium impacts on other markets, as any price
changes are propagated through related markets. Only some of the consumers and investors that
are ultimately affected by the regulations that produced the initid improvement in ar quality
will aso be bendficiaries, living in the region where air qudity improvements are fdt. Tracing
al of the eventud cogtsis adaunting task, Snce they are not ddimited by the same boundaries
asthe physica ar quality effects that determine benefits.

Thus, geographic regions or palitica jurisdictions are highly problemétic as boundaries
for net benefits disaggregation for the purpose of regulatory incidence andysis. If the program
isnationd, it might be relaively easy to map regional emissons and hedth or ecologicd effects
into regional benefits. However, some of the costs of the program borne by residents of the
region will gem from compliance activities of firmsin the region, but some of the other coststo
the same residents will be derived from compliance activities of firms outside the region (to the

extent that they are consumers of, or investors in, those outside firms).

The Council notes that any nationd-level net benefits analysis of the CAAA for the USis
itsdlf implicitly aregiond disaggregation of the full globa benefits and costs associated with this
program. Since the rlevant condtituency for the net benefits andlysisis US citizens, this
geographical disaggregation is appropriate. The rdative tractability of this choice of
jurisdictiona boundary is aided by the fact that internationa boundaries are much less permegble
to trade and investment than are regiona or state boundaries. Individud states within the US,
for example, are highly open economies, between which trade is relaively unconstrained, and
need not, therefore, be documented. The US as awhole is a much less open economy, and

transactions across boundaries are much fewer and record-keeping is more extensive.
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Achieving dlean air imposes costs of varying sizes on different people, and
corresponding benefits are rarely such that the result is a uniform digtribution across the
population of the net benefits of cleaner air. It ispossible that net benefitsin some aress, or for
some groups, may even be negative. Such a finding would not condemn the CAAA, but it might
point the way towards further fine-tuning of the methods of regulation. For example, there may
be lower-cost ways of achieving the same degree of air-qudity improvements (or waysto
achieve greater improvements at the same cost) by alocating responshility for emissons control
more codt-effectively.

In sum, attempts a regiond disaggregation of net benefits within the US are difficult
because of the problems of tracking the diffusion of regulatory costs through the economy. The
benefits and costs of implementing many programs aso go beyond state, regiond and nationa
boundaries. As the disaggregation becomesfiner, it isincreasingly difficult to identify which
benefits and codts are attributable exclusively to a particular region or group. The Council does
recognize the vaue of information disaggregated at the sate and regiond levelsto
decison-makers who mugt justify programs at the tate and regiond levels. But mideading
edimates of differentid net benefits for different regions or groups could concelvably lead to
worse policy choices than no information a dl about the didtribution of net benefits. The
Council recommends that the EPA, for the most part, decline to disaggregate net benefits by
region or by group. The apped of such disaggregations should always be acknowledged, and a
decison naot to provide them should be judtified by documentation of the difficultiesin
measuring or quantifying benefits and/or codts a the level of disaggregation desired. If the EPA
electsto provide cogts and benefits at regiond levelsin the Second Prospective Andyss, and
epecidly if it provides estimates of net benefits at regiona levels, it must include very clear
explanations of the limitations of the disaggregation.

9.6. Geographic Disaggregations Proposed in the Draft Analytical Plan

The EPA requested that the Council consider three options for geographic
disaggregation: a) regiond-level costs/nationa-level benefits; b) regiona-level costs and
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benefits, and c) date-level costystate-level benefits. It is not entirely clear whether these pairs
of disaggregation possbilities refer to the separate presentation of disaggregated benefits and
disaggregated cogts, or to the disaggregation of net benefits (benefits minus costs).

Any proposed geographic disaggregation needs to makes sense scientificaly. The
treatment of costs and benefits of nationa programs, even on anationa scale, has some
underlying assumptions thet make the andyss somewhat atificid. Air quaity inthe USis
influenced by policies and resulting emissons in Canadaand Mexico. Indeed, sudies are
beginning to quantify the long-range transport of aerosols and gases from other continents to the
US. The result of the long-range trangport and transformation that is a fundamenta
characteridtic of ar qudity assessment isthat changesin ar qudity in aparticular area are the
result of emission changes occurring on locd, Sate, regiond, nationa and, to some extent, even
international scales.

Option (b), regiond disaggregation, makes the most sense in terms of geographica
resolution along political or management divisons. In rare specid cases where codts are borne
by individuas and benefits accrue mostly to the same individuds, it may be dmost possible to
corrd most of the relevant benefits and costs within some geographica jurisdictiona boundary
to permit reasonably accurate assessments of net benefitsin that region. This might gpproximeate
the case for mobile-source controls on localized pollutants from automobiles. 1t will be much
less appropriate for stationary source SO2 controls, where costs are borne by both investors and

consumers and benefits accrue widely over the area downwind from each source.

For descriptive benefits-only disaggregation, common multi-state groupings may be the
most defensible, but the groupings must be done carefully. The best gpproach would be to
identify air quality control regions or programs that have come together to tackle the ozone/PM
problem, or two mgor pollutants in the cost/benefit andysis [CONCRETE EXAMPLES,
PLEASE]. One could identify at least the following regions. OTAG (Northwest/Mideast)
[EXPLAIN A LITTLE MORE]; Southern Cdifornia, and Atlanta or Houston, plus each suburb.
[DO THESE SUBREGIONS ACCOUNT FOR THE MAJORITY OF BENEFITS?|

67



© 00 N o o~ W DN P

N DN NN DN DN DN NN DNMNDN P PP PR E R R
© 00 N OO o A W NP O O 0N O O D W N - O

July 27, 2001 DRAFT: PLEASE DO NOT CITE OR QUOTE

For benefits measures, the Council suggests that the most gppropriate disaggregation,
from a scientific perspective, would be the use of broad regiona airsheds and clustering by areas
with particularly high dengties of monitoring. In many cases these areas are closdly reated to
regiona planning organizations. However, if one examines the dengity of air monitoring
networks across the country, the western regiond air partnership [ISTHIS A FORMAL
NAME?| can be further subdivided into the West Coast and "everything dse” Perhaps, for the
western states, disaggregation could follow censusregions. [ORIGINAL REFERRED TO
CENSUS"TRACTS'. THESE WOULD BEWAY TOO SMALL. PLEASE CLARIFY
INTENT, OVERALL]

Sensible geographic disaggregation for benefits assessment for gpecific pollutants might
identify regions which enclose both the mgor emission sources and the areas downwind of the
magjor sources where the impact of emissonsislikdly to befet. Of course, the impacted areas
may be different for different pollutants. Ozone might be used to determine the impacted areas
[FOR OZONE REGS, OR OTHERS TOO?. Ozoneisdifficult to control, and it has a lifetime
of one-to-two daysin the troposphere. Its precursors can aso travel long distances, especidly at
night, by means of nocturna jet [DOES THIS NEED TO BE DEFINED?]. Accordingly, spatia
disaggregation should be based on regions that cover the magor emission sources and the

ozone-impact areas severa hundred kilometers downwind of the sources.

The Council emphasizes, however, that dlowing impacted areas to dictate regiona
geographic partitions facilitates identification of the beneficiaries of air qudity regulations and
the extent of their gains. However, the costs may be borne by entirely different sets of people.
Many of the investors and consumers of the affected firmswill live outside the region thus
identified. Eladticities of demand and supply in the markets for affected firms outputs will
dictate the extent to which cost increases due to regulation will be borne by each of these groups.

9.7. Benefit/Cost Ratios ver sus Net Benefits
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The practice of assessing the socid desirability of apolicy by caculating aratio of
benefits to cogts can be mideading. The benefits associated with some palicies come in the form
of reduced costs. And some of the costs of a policy may take the form of reduced benefits. This
symmetry between costs and benefits can confuse the calculation of a benefit-cot ratio, but is
innocuous when using a net benefits metric, where the criterion is benefits minus coss. Many
economists would prefer to do away with benefit/cost ratios atogether, since these al'so obscure
the magnitudes of benefits and costs. Two policies having the same benefit/codt retio can have
very different magnitudes of their net benefits.

The Council also has some doubts about whether benefit-cost ratios should be considered
in reporting uncertainties in benefits or costs. Combining the centrd vaue with alow or ahigh
may give amideading perception of the relative uncertainties.

In conclusion, net benefits are better for presentation than the ratios. Also, given the

different types of uncertaintiesin costs and benefits, it is best to present total cogts, total benefits,
and net benefits together to give a sense of the scale for each.
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APPENDIX A

RESPONSESTO EPA’SKEY SPECIFIC QUESTIONSNOT ADDRESSED IN THE
MAIN TEXT

Quedtion 6. Does the Council have a preference for an appropriate source of state-level
economic growth-rate estimates to be applied in the emissions projections, either the 1995
vintage BEA estimates or the more recent eGAS system results? The EGAS system is described
in detail in the EGAS Reference Manual, which can be downloaded in PDF format at the
following addres. www.epa.gov/ttnchiel/emch/projection/egasA0/ref_man_4.pdf.

There are likdly to be 50 different modds generating thisinformation. Each state will
have its own gtate or regiona demographic and economic forecasting mode, maintained to serve
government planning. These modds are likely to be of highly varigble qudity, sophitication,
and accessbility. They are unlikely to be conformable. In addition, there are severd prominent
commerciad demographic and economic forecasting models. Their current regiona forecasts are
available only to paid subscribers. There may aso be mixed marketing strategies, where basic
forecasts are made available to governments, but more specific sectora forecasts are available, a
aprice, toindividua firms. For example, the UCLA Anderson Forecast
(http:/Aww.anderson.ucla.edu/research/forecast/index.htm). Current quarterly forecasts for
Cdiforniaare available at $350.00. Rutgers University Center for Urban Policy Research
(CUPR) established the Rutgers Economic Advisory Service (R/EECON™) in 1992 (see
http://policy.rutgers.edw/cupr/recon.htm). It provides economic forecasts for the state of New
Jersey.

The Council knows of no nationa-level economic forecasting model that will provide
reliable sate-level forecasts for dl of the variables that would be necessary for state-level
disaggregate forecasts of the benefits and cogts of air quality regulations.
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Quedtion9. “Theandyticd plan proposes usng REMSAD Verson 6 for PM and ozone
modding. An older verson of REMSAD, Verson 4.1, isadso avallable. Verson 6 has been
updated to address the key peer review commentson Verson 4.1, isaso available. Verson 6
had been updated to address the key peer review comments on Verson 4.1: however, it is
currently undergoing testing and evauation, and has not yet been employed in officia EPA
regulatory analyses. Does the Council have a preference for one of these for one of these

versons?’

These questions redlly cannot be answered at this time because Version 6 (or 7) of
REMSAD is ill under development and scheduled for evauation. In principle, if dl the
recommendations of the REMSAD review (Seigneur et d., 1999) are incorporated in the
upcoming verson(s), and if these versions "pass' reasonable, but well defined performance
evaudion tests' , it/they should be used for nationwide PM moddiing. REMSAD is anticipated
to perform acceptably in predicting sulfate levels. However, the issues of nitrates and secondary
organics are quite open. With respect to ozone, the Seigneur et a. 1999 review dtates clearly
that "REMSAD is not intended for application to O3 air quaity” (page 2-1).

Quedtion 10: Does the Council support the use of REMSAD for ozone modeling
nationwide, contingent on the results of amode performance comparison with UAM-V?

The answer to this question can only be "contingent on the results of amode

performance comparison with UAM-V" as well as thorough diagnostic performance evauation
by region/airshed with observations.

Quedtion 11: Does the Council support the use of REMSAD for modding mercury
trangport and deposition?

'Of course, adequate, species-resolved, data sets for such an evauation exist only from 1999
forward; the qudity of the 1999 inventory (expected to be finaized by October 2001) isaso
expected to be superior to those up to now available for modeling. Since post-1999 data do not
seem to be expected to be incorporated in the proposed study, it should be strongly
recommended that the evauation of REMSAD for PM should include crosssmodel comparisons
with predictions from CMAQ, MAQSIPMAQSIP-UDAERQO, €tc.
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Mercury isthe only HAP for which this question is asked, although REMSAD is designed to be
goplied to a number of other HAPs. It has been stated and summarized in the materid provided
by EPA and its contractors that the upcoming versons of REM SAD will incorporate up-to-date
descriptions of mercury atmospheric chemistry/physics, as per the specific recommendations of
the Seigneur et d. (1999) review.

However, the issue that still has to be addressed is whether the errors associated with the
coarse spatia resolution of the REMSAD application would be acceptable. According to
exiding inventories, amgority of mercury emissons comes from large point sources such as
cod-fired power plants. Therefore mercury chemigtry for the initia hours after release takes
place in highly concentrated plumes. This means that reaction/conversion rates can be
sgnificantly different than when caculated with concentrations artificidly diluted over an area
of 36x36km2. It is necessary to perform athorough evaluation of thisissue.

It would be indeed be great if REMSAD can reproduce 0zone patterns (and responses to
emisson changes) with sufficient accuracy/precision for the needs of the current 812 Andysis.
However, this has to be formally established, and it is not atrivid exercise REMSAD was never
intended for "application to O3 air qudity”. In fact, the earlier versons were usng observed or
modeled ozone vaues asinputs. Since the introduction of the microCB4 mechanism, REMSAD
has been able cdculate such vauesinterndly, but the objective was not to use them to assess
ozone control strategies but only to provide gpproximate information needed for the chemigtry of
other species. The REMSAD User's Guide (June 1998) explicitly states (page 2-3): "The intent
of the microCB4 mechanism is not to predict ozone levelswith the precison usudly sought in
ar quaity modeds designed to address the ozone issue per se, but rather to provide aphysicaly
faithful representation of the linkages between emissons of ozone and PM precursors, the
oxidizing capacity of the troposphere...". Seigneur et d. (1999) Sate (page 2-9) regarding the
comparison of microCB4 to CB4 reaults, in a"stand-alone mode" that "'such results are
encouraging but additional tests are needed...".
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Recent and on-going studies on ozone and PM use UAM-V and REMSAD in
complementary fashion to address individud modd limitationsin both the chemistry and
transport descriptions. For example, in the REMSAD Modding Protocol (March 9, 2001) of the
on-going WRAP Regiona Modding Center sudy it is stated (page 4) that "while the
(REMSAD) grid structure is appropriate for regiona- or continental- scale particulate air quality
models, the vertica grid structure is likely too coarse for accurate treetment of nighttime
scavenging of O3 by surface NO emissons” Thisfinding isin agreement with the assessment
of Seigneur et d. (1999).

Clearly, the ability of REMSAD to characterize ozone dynamics with sufficient pre-
defined accuracy and precison is till to be assessed and established.
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